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TO ALL TEACHEIU5L 



SCBOOl BOOKS. 

SMILEY^S GEOGRAPHY AND ATLAS, and SACKBD 
AND ANCIENT GEOGRAPHY FOR SCHOOLS. 

The above woritos will be found useful and rery valuable aa works of refer* 
ence, aa well as for schools. The Maps, composing; liie Abases, will be ^ounii 
equal in execution and correctness to those on the meat extensive seale. The 
author has received numerous recommehdationa, among which are the iolf* 
lofwirg : 

Dear Sir — I have looked over your " E<uy Introduetum to (he Shi^ ^ 
Qtogvofphy^'* together with your »* Improved Atlas,''^ I haive no hesitation in 
declaring, that I consider them works of peculiar merit. Tliey do honour to 
your industry, researdi, and talent, and I am satisfied, will &cilitate the im- 
provement of the student in geographical science. 

With sentiments of sincere consideration, I am yours U^uly, 

WM. STAUGHTON, D. D. 
President of Columbia CoUege^ IHitrid of Cobmbuh 

Mr. Thobias Smilst. 

Philadelphia, Sept. 1, 1823. 



Extract from the MimUes of the Philadelphia Aeadmif of TeOMhin* 

JV(wem&«r 1, 182S. 
Resolved unanimously. That the Academy of Teachers highly approve the 
superior merits of Mr. Smiley's " Easy Introduction to the Study of GeogrO' 
phy,'*'* and the accomijanying Atlas, and cordially rec<muiiend them to the pa- 
tronage of the public. 

B. MAYO, Prendeni. 
U h HlVlAnocKy Secretary. 



THE NEW FEDERAL CALCULATOR, or SCHOLAR'S 
ASSISTANT. Containing the most concise and accurate 
Rules for perf(Nrmiiig the operations in common Arithmetic; 
together with numerous Examples under eadi of Ihe Rules, 
varied so as to make Aem conmrmable to #imost etenr Ijind 
of business. For the Use of Schools and pointing Hoojies. 
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iBy Thomas T. SmUey, Teacher: author of An Easy Intro- 
duction to the Study of Geography. Also, of Sacred Geo- 
graphy for the Use of Schools. 

Among ^e numerousTecommendations received to the work, are the following: 

Mr. John Grioo. Phila. March 8, 1825. 

Sib, — ^l have examined with as much care as my time would admit, ^ The 
New Federal Calculator,'' by Thomas T. Smiley. It appears to me to be a 
treatise on Arithmetic of considerable merit. There are parts in Mr. Smiley's 
work whidi are very valuable ; the rules given by him in Barter, Loss and 
Gczin, and Exchange, are a great desideratum in a new system or treatise on 
Arithmetic, and renders his book superior to any on the subject now in use ; 
and when it is considered that the calculations in the work are made in Fede- 
ral Money, the only currency now known in the United States, and that ap- 
propriate questions follow the different rules, by which the learner can be ex- 
ercised as to his understanding of each part as he progresses ; I heutate not to 
say, that, in my opinion, it is eminently. calculated to promote instruction in 
the science on which it treats. Mr. Smiley deserves the thanks of the publie 
and the encouragement of teachers, for his attempt to simplify and improve 
the method of teaching Arithmetic. I am yours respectfully, 

WM. P. SMITH, 
Preceptor of Mathematies and J^aiural Philosophy, 
* - JVo. 152, SoiUh Tenth Street. 



Sir — ^I have carefully examined " The New Federal Calculator, or Scho- 
lar's Assistant," by Thomas T. Smiley, on which you politely requested my 
opinion ; and freely acknowledge that I think it better calculated for the use 
of the United States schools and counting-houses than any book on the sub- 
ject that I have seen. The author's arrangement of the four primary rules is, 
in my opinion, a judicious and laudable innovation, claiming the merit of im- 
provement ; as it brif^ together the rules nearest related in their nat^e and 
uses. His questions upon the roles throughout, appear to me to be admirably 
calculated to dicit the exertions of the learner. But above all, the preference 
he has given to the currency of his own country, in its numerous examples, 
has stamped a value upon this little' work, which I believe has not fallen to 
the lot of any other book of the kind, as yet offered to the American public. 
I am, sir, yours respectfully, 

JOHN MACKAY. 

Charleston, {S. C.) March 29, 1825. 



From th&iMited States Gazette. 

Among the numerous publications of the present day, devoted to the im- 
provement of youth, we have noticed a new edition of Smiley's Arithmetic, 
just published by J. Grigg. 

The general arrangement of this book is an improvement upon the Arith- 
metics in present use, being more systematic, and according to the affinities of 
different rules. The chief advantage of the present over the first edition, is a 
correction of several typographical errors, a circumstance which will render 
it peculiarly aocept4l)le to teachers. In referring to the merits of this little 
work, it is proper to mention that a greater portion of its pages ar« devoted t» 
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Federal calotil&tion, than is generally allowed in primary works in thit branch 
<^ study. The heavy tax of time and patience which our youth are now 
compelled to pay to the errors of their ancestors, by performing the ▼ariom 
operations of pounds, shillings, and pence, should be remitted, and we are glad 
to notice that the Feideral computation is becoming the prominent practice of 
school arithmetic. 

In recommending Mr. Smiley's book to the notice of parents and teachenr, 
we believe that we invite their attention to a work that will really proYe an 
** assistant" to them, and a *< guide*^ to their interesting charge. 



The Editors of the New York Telegraph, speaking of Smiley's Arithmetic, 
observe that they have within a few days attentively examined the above 
Arithmetic, and say, *^ We do not hesitate to pt'onounoe it an improvement 
upon every work of the kind previously before the^btio; and aasucht re- 
commend its adoption in all our Sdiools and Academies." 



A KEY to the above Arithmeiac, in which all the Examples ne- 
cessary for a Learner are wrou^t at larfl;e, and also Solntidiia 
given of all the various Rules. Designea principally to facili- 
tate the labour of Teachers, and assist such as have not the 
opportunity of a tutor's aid. By T. T. Smiley, author of the 
New Federal Calculator, &c. &c. 



TORKEY'S SPELLING BOOK, or First Book for Children. 

I have examined Mr. Jesse Torrey's ^ Familiar Spelling Book." I thidc 
it a great improvement in the primitive, and not least important brapcfaes of 
education, and shall introduce it into the seminaries under my care, as oiiAiii- 
perior to any which has yet appeared. 

IRA HILL, A. Bf. 

Boonsbonmghi Feb. 2, 1825. 

The increasing demand for this work is the best evidence of ttt m«rilib 



A PLEASING COMPANION FOR LITTLE GIRLS AND 
BOYS, blending Instruction wf& Amusement; beine a Selec- 
tion of Interesting Stones, Dialc^es, Fables, ana Poetry. 
Designed for the use of Primary Schools and Domestic NuT'- 
series. By Jesse Torrey, jr. 

To secure the perpetuation of our republican form of |;oT6mment to fiiturt 
Ijeueratioiis, let Divines and Philosophers, Statesmen and Patriots, uqite their 
endeavours to renovate the age, by impressing the minds of the people with 
ttie importance of educating their HtHc hoy$ andgiark, S. Adaim* 
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JUport of Iht CmumtUt ef ifu PhihiilpkiaAoaim^i/Tkmhiitt: adcpud 

The Committoe, to whom was referred Mr. Jeite Twwfs ^ Pleaakig^ 
Companion lor Little Girls and Boys,*' beg leaye to report, 

Tluit they have perused the ** Pleasing Companion," and have much plea- 
flttpe in pronouncing; as their opinion, that it is a compilation much better cal- 
culated fi»r the exercise and improvement of small children in the art of read- 
iBg, and espedally in the more rare art of understanding what they read, than 
tlM bookl in general use. 

All which is respectfully submitted. 

I. IRVINE HITCHCOCK, 
PARDON DAVIS, 
CHARLES MEAD, 

ComtnitHe, 
'A tnM copy item thi akbnittt <tf ^e Academy. 

C. B. Trboo, Secretary. 

tOE SIORAL INSTRUCTOR AND GUIDE TO VIRTUE, 
by Jesse Torrey, Jr. 

Amcmg the mmeroTU nmommendationi to tlui raloaUe Sohool Book, are 
the fiallowing :*- 

Extract ef a note from the Hon, Th&mat J^ftnoni late Prmident of ffte 
United Statet. 

•• I thaxdc yeu, sir, for the copy of your * Moral Instructor,* I hare reed 
Iba firtt edition with great satisiaction, and encouraged its reading in my 
pBBny* 



Exiraeti tf a Letter from the Hon, James Madison, late President of the 

United States, 

*• Sir-^ haive Mcetred your letter of the 15th, with a copy of the Moral 



** I have looked enough into your little volume to be satisfied, that both the 
tli^ail iJii Mledted p«^ contain infoimatioii afid tmitruction wfe^^ may be 
m whit not only to juvenile bu^ most other readers. 

*' With friendly respects, 

JAMES MADISON. 
D&.ToiiaM. 



f^tm Bobertk FoMX^ PteHdent of the ControlUrs of the Public SchooU in 
Philadelphia, 

** The Moral Instmotor" is a valuable compilation. It appears to be well 
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adapted for e^em^otary schools, and it wiU gire me pleasure to learn that the 
lessons which it Contains; are famished for the improvement of our youth ge- 
nerally. Respectfully, 

ROBERTS VAUX, 
PhUadelphda, 5th months 8 18^. 



HISTORY OF ENGLAND, from the First Invasion b^ JuUus 
Caesar, to the Accession of George the Fourth, in e^hteen 
hundred and twenty: comprising every Political Event worthy 
of remembrance; a Progressive View of Religion, Language, 
and Manners; of Men eminent for their Virtue or their Learn- 
ing; their Patriotism, Eloquence, or Philosophical Research; 
of the Introduction of Manufactures, and oi Colonial Esta- 
blishments. With an interrogative Index, for the use of 
Schools. By W^illiam Grimshaw, author of a History of the 
United States, &c. 

HISTORY OF THE UNITED STATES, from their first 
settlement as Colonies, to the cession of Florida, in 1821: 
comprising every Important Political Event; with a Pro^s- 
Bive View of the Atwri^nes; Population, Religion, Agricul- 
ture, and Commerce; of the Arts, Sciences, and Literature; 
occasional Bic^aphies of the most remarkable ColoviistSf 
Writers, and Philosophers, Warriors, and Statesmen; and a 
Oopioas Alphabetical Index. By William Grimshaw, author 
of a HistoFf of England, &c. 

Also, QUESTIONS adapted to the above History, and a KEY, 
adapted to the Questions, for the use of Teachers^ 



" Uniwrsity of Georgia^ Athens, Jvne 4, 1$25. 
'Tbar Sir, 

•' With- grateful pleasure, I have read the two small volw notes of Mr. Grim- 
shaw, (a History of England, and a History of the United^fetates) which you 
some time since placed in my hands. On a careful perusal of them, I feel no 
difficulty in g»di)g my opinion, that they are both, as to style and sentiment, 
works of uncommon merit in thur kind ; and admirably adapted to excite^ in 
youthful minds, the love of historical resestreh. 
** With sincere wishes for the success of his Utei^ry labours, 

** I am very respectfully, your fHend, 

" M. W:u>DSL, President. 
"E. JACE8oir,E8a." 



^ D. Javbov prntnti hit mpeetful «oiiipli]ii«it8 to Mr. ChimriuKV* and if 
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much oblig;ed by his p<dite attention, and the handsome compliment of his 
History of the United States with the Questions and Key. 

^ Mr. J. has been in the use of this book for some time ; but antidpatea 
still more pleasure to himself, and profit to his pupils, in future, from the help 
and facility which the questions wad key will afford in tne study of these in- 
teresting pages. 

•* October 10th, 1822." 



Golgotha, P. Edwd. Va, Sep, 26, 1820. 
» Dear Sir, 

*^ Mr. Grimshaw^s 'History of the United States,' &c. was some time 

ago put into my hands by Mr. B , who requested me to give you my 

opinion as to the merits of the work. The history of the late war is well manag- 
ed by your author: it has more of detail and interest than the former part; and 
I consider it much superior to any of the many compilations on that subject, 
with which the public has been favoured. It may be said of the entire per- 
ibrmance, that it is decidedly the best chronological series, and the chastest 
historical narrative, suited to the capacity of the juvenile mind, that has yet 
appeared. Its arrangement is judicious ; its style neat, always perspicuous, 
and often elegant ; and its principles sound. 

** American writings on men and things connected with America, have been 
long needed for the young ; and I am happy to find, that Mr. Grimshaw has 
not only-^indertaken to supply this want, but also to ^Americanise foreign his- 
tory for the use of our schools. In a word, sir, I am so fond of American fe- 
bricft, and so anxious to show myself humbly instrumental in giving our youth 
American feeling and character whilst at school ; that I shall without hesita- 
tion TecomnMod Mr. GrimehawS'worics io my young pupils, m introductory 
to more extensive historical reading. In fine, the work is so unobjectionable, 
and puts so great a mass of necessary information within the reach of school- 
boys, at so cheap a tate, that I feel the highest pleasure in recommending it to 
the public, and wish you extensive sales. 

Yours respectfuUy,^ 

^ WiixiAM Brakch, Jr. 
** Mr. BxirxAKiir Waritxr, 

" Philadelphia:^ 

^^ History of the United States, from their first settlement as Colonics^ to the 
Peace of Ghent, kc. By William Grimshaw, |^; 319, ISxaa, 

•• This is the third time, within the space of two years, that we hare had 
OQcaskm to review a volume from the hand of Mr. Grimshaw. He writes 
with great rapidity ; and improves as he advances. This is the most cor- 
rectly written of all his productions. We could wish that a person so well 
formed for close, and persevering study, as he must be, might find encourage- 
ment to deTote himself to the interests of literature." 

*^ Mr. 6. has our thanks for the best concise and comprehensiye history of 
the United States which we have seen." 

T%eoU>eieol Review, Oetcbtr, 1819. 
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•* Mis0ry of England, from the first Irwation byJidhu Ceuar, to the Peace of 
Ohmti &e. jTor the use of Schools. By Wflliam Grimshaw. Philadel- 
phia, 1819. Benjamin Warner. 12ino. pp. 300. 

"We have copied so much of the title of this work, l^arely to express our 
decided approbation of the book, and to recommend its g^^neral introduction 
into schools. It is one of the best books of the kind to be found, and is in- 
structive even to an adult reader. We should be pleased that teachers would 
rank it amon|^ their class-books; for it is well calculated to give correct im- 
pressions, to its readers, of the gradual progress of science, religion, govern- 
ment, and many other institutions, a knowledge of which is beneficial in the 
present age. Among Ui^e many striking merits of this book, are, the perspi- 
cuity of the narratiye, and chasteness of the style. It is with no little pleasure 
we have learned, that the author has prepared a similar history ofUu United 
States; a work long wanted, to fill up a deplorable chasm in the education of 
America youth." 

AnalecHc Ma§aeiney October , 1819. 



' »* Philadelphia, %3 June^ 1819. 

*' Sir — t have read with pleasure and profit your History of England, I 
think it is written with perspicuity, chasteness, and impartiality. Well writ- 
ten history is the best political instructor, and under a government in which it 
is the blessing of the country that the people govern, its pages should be con-_ 
stantly in the hands of our youth, and lie open to the humblest citizen in our' 
wide-spread territories. Your book is eminently calculated thus to difiltse 
this important knowledge, and therefore entitled to extensive circulatioo) 
which I most cordially wish. With much respect, 

" Your obedient servant, 
^ ^^ Langdon Cbevsb. 

** William Grimshaw, Esa." 



GRIMSHAW'S IMPROVED EDITION OF GOLDSMITH'S 
GR£ECE.r-^Among the numerous recommeAdations to this 
valuable School Book, are the following: — 

Although there are many worthless School Books, there are but few which 
are equafiy impure and inaccurate with the original editions of Goldsmith's 
Histories, for the use of Schools. I congratulate both teachers and pupils, 
upon the appearance of Mr. Grims haw's edition of the "History of Greece," 
which has been so comideMy expurj^ted, and otherwise corrected, as to give 
it the character of a new work, admirably^ adapted to the purpose for which it 
is mtended. 

THOS. P. JONES, 
Professor t^ Mechanics in the Franklin Institute of the State pf 
Pennsyhania^ and late Principal (f the North Carolitw, 
Female Academy, 
PhiladelphiOt Sept, 6, 1826. \ 
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M&. John Gki^o. 

Dear Sib — Agreeably to your request I have examined, with attention, 
** Goldsmith's Greece, revised and corrected, and a vocabulary of proper 
names appended, with prosodial marks, to assist in their pronunciation, by 
William Grimshawr' and I feel a perfect freedom to say, that the correction 
of numerous ^grammatical and other errors, by Mr. Grimshaw, together with 
the rejection of many obtceneand indelicate passages improper for the perusal 
of youth, gives this edition, in my opinion, a decided preference over Uie edi- 
tions of that work heretofore in use. i 

The Questions and Key, likewise supplied by Mr. Grimshaw to accompany 
this edition, afford a facility for communicating instruction, which will be4uly 
appreciated by every judicious teacher. 
I am, Sir, 

Yours truly, 

THOS. T. SMILEY. 
Philadtlphick^ SepL 8, 1826. 



The Editor of the United States Gazette, in speaking of this work, says — 
•♦Goldsmith's Greece, without a revision, is not calculated for schools; it 
abounds in errors, in indelicate description, improper phrases, and is, indeed, 
a proof how very badly a good author can write, if indeed there is not much 
room to doubt Goldsmith ever composed the histories to which his^ name is 
attached. Mr. Grimshaw has adopted the easy descriptive style of that 
writer, retained his facta, connected his dates, and entirely and handsomely 
adapted his work to the school desk. The book of questions and the accom- 
panying key, are valuable additions to the work, and will be found most ser- 
viceable to teacher and pupil. 

^^ From a knowledge of tiie book, and some acquaintance with the wants of 
those for whom it wba especially prepared, we unhesitatingly recommend 
Grimshaw's Greece as one of the best (in our opinion, the very best of) 
works of the kind that has been offered to the public.*' 



THE UNITED STATES SPEAKER, compiled by T. T. 
Smilej — ^preferred generally to the Columbian Orator wid 
Scott's Lessons, and works of that kind, by teachers who 
have examined it. 

GOLDSMITH'S HISTORY OF GREECE, improved by 
Grimshaw, with a Vocabulary of tlie Proper Names con- 
tained in the work, and the Prosodial Accents, in conformity 
with the Pronunciation of Lempriere — with Questions and a 
Key^ as above. 

GRIMSHAW'S ETYMOLOGICAL DICTIONARY AND 
EXPOSITOR OF THE ENGLISH LANGUAGE. 
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1 
® CONVERSATIONS 



ON 



NATURAL PHILOSOPHY, 

IN WHICH 

TBB XCLinMCESNTS OF TSAT SOXBNOB 

ARE FAMILURLY EXPLAINED. 

BY THE AUTHOR OP CONVERSATIONS ON CHEMISTRY, &€• 



WITH CORRECTIONS, IMPROVEMENTS, AND CONSIDERABLE ADDITIONS. 
IN THE BODY OP THE WORK ; 

BY DR. THOMAS P. JONES, 

PRQFESSOR OF MEOHANICS, IN THE FRANKLIN INSTITUTI 
OF THE STATE OF PENNSYLVANIA. 



PHILADELPHIA : 

PUBLISHED AND SOLD BY JOHN GRIG«, 

Na 9 NORTH FOURTH STREET. 
Stereotyped by L. Johnson. 

1826. 



d by Google 



^5t >v„£^ t , kjm/i lit < 






Eastern District of Pennsylvania^ towU: 

Bk it rbmbmberbd, that, on the twenty-fonrth day of April, 
in the Fiftieth year of the Independence of the United States of America, 
A. D. 18^, John Grigg, of the said District, hath deposited in this office the 
title of a book, the ri^ whereof he claims as prq^rietor, in the words fol- 
lowing, to wit : 

** Conversations on Natural Philosophy, in which the Elements of that Sci 
ence are familiarljr explained. Illustrated with Plates. By the Author of 
Conversations on Chemistry, &c. With Corrections, Improvements, and 
considerable Additions, in the Bodv of the Work; appropriate Questions^ 
and a Glossary : By Dr. Thomas P. Jones, Professor of Mechanics, in th« 
Ftanklin Institute, of the State of Pennsylvania." 

In conformity to the Act of the Congress of the United States, entitled 
«* An Act for ttie Encouragement of Learning, by securing the Copies of 
Maps, Charts, and Books, to the Authors and Proprietors of such Copies, 
during the times therein mentioned ;" — And also to the Act, entitled, ^ An Act 
supplementary to an Act, entitled, ^ An Act for the Encouragement of 
Learning, by securing the Copies of Maps, Charts, and Books, to the Au- 
thors and Proprietors of such Copies during the times therein mentioned,* 
and extending the benefits thereof to the arts of designing, engraving, and 
etching, hiatanotl and othsr prints." 

D. CALDWELL, 
Clerk of the Eastern District of Pennsylvania. 



y Google 



PREFACE. 



Notwithstanding the great number of books 
which are written, expressly for the use of schools, 
and which embrace every subject on which in- 
struction is given, it is a lamentable fact, that 
the catalogue of those which are well adapted 
to the intended purpose, is a very short one. Al- 
most all of them nave been written, either by those 
who are without experience as teachers, or by 
teachers, deficient in a competent knowledge of 
the subjects, on which they treat. Every intelli- 
gent person, who has devoted himself to the in- 
struction of youth, must have felt and deplored, 
the truth of these observations. 

In most instances, the improvement of a work 
already in use, will be more acceptable, than one 
of equal merit would be, which is entirely new ; 
the introduction of a book into schools, being al» 
wars attended with some difficult)^. ' 

The "Conversations on Chemistry," written 
by Mrs. Marcet, had obtained a well-merited 
celebrity, and was very extensively adopted as a 
school-book, before the publication of her " Con* 
versations on Natural Philosophy." This, also, 
has been much used for the same purpose ; but, 
the observation has been very general, among intel- 
ligent teachers, that, in its ejiecution, it is very in- 
ferior to the former work. 

The editor of the edition now presented to the 
public, had undertaken to add to the work, ques- 
tions, for the examination of learners ; and noteiSy 
where he deemed them necessary. He soon 
found, however, that the latter undertaking wottld 
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be a very unpleasstnt one, as he must have pointed 
out at the bottom of many of the pages, the de- 
fects and mistakes in the text ; whilst numerous 
modes of illustration, or forms of expression, 
which his experience as a teacher, had con- 
vinced him would not be clear to the learner, 
must, of necessity, have remained unaltered. He 
therefore determined to revise the whole work, and 
with the most perfect freedom, to make such al- 
terations in the body of it, as should, in his opi- 
nion, best adapt it to the purpose for which it was 
designed. Were the booK, as it now stands, care- 
fully compared with the original, it would be 
found, that, in conformity with this determina- 
tion, scarcely a page of the latter, remains un- 
changed, verbal .alterations have been made, er- 
rors, m points of ifact, have been corrected ; and 
new modes of illustration have been introduced, 
whenever it was thought that those already em- 
ployed, could be improved ; or when it was 
known, that, from local causes, they are not fami- 
liar, in this country. 

The editor feels assured, that, in performing 
this task, he has rendered the book more valuable 
to the teacher, and more useful to the pupil ; and 
he doubts not that the intelligent author of it, 
would prefer the mode which has been adopted, 
to that which was at first prc^osed. 

The judicious teacher will,%)f course, vary the 
questions according to circumstances; and those 
who may not employ them at all, as questions, 
will still find them useful, in directing the pupil 
to the most important points, in every paee. 

The Glossary has been confined to such terms 
of science as occur in the work ; and is believed to 
include all those, of which a clear definition can- 
not be found in our common dictionaries. 
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CONVERSATION I. 



ON GENERAL PROPERTIES OF BODIES. 

INTRODirCTIOir. — GEiriERAL PROPERTIES OF BODIES. — ^IMPEirETRABII.ITT. 
— EXTEirSIOir. — FIGI^RS. — ^DIYISIBII^ITT. — ^INERTIA. — ^ATTRACTION. — 
ATTRACTION OF COHESION. — DENSITY. — ^RARITT. — HEAT.-— ATTRAC- 
TION OS GRAVITATION. 

EMILT. 

I MUST request your assistance, my Dear Mrs. B. in a charge 
which I have latcdj undertaken: it is that of instructina; mr 
youngest sister, a task, which I find proves more difficult than I 
nad at first imagined. I can teach her the common routine of 
children's lessons tolerably well ; but she i^ such an inquisitive 
little creature, that she is not satisfied without an ^ilanatiim of 
every difficiidty that occurs to her, and fr^uenuy asks me 
questions whicn I am at a loss to answer. This morning, f(Hr 
instance, when I had explained to her that the world was round 
like a ball, instead of bemg flat as she had supposed, and that it 
was surrounded by the air, she asked me what suppmled it. I 
told her that it required no suroort ; she then inquired why it 
did not fidl as every thing else did ? This I xonfess perf^exed 
me ; for I had myself been satisfied with learning that the world 
floated in the air, without considering how unnatural it was that 
so heavy a body, bearii^ the wei^t of all other things, should be 
able to support itself. 

Mrs.B, I make no doubt, my dear, but that I shall be able 
to explain this difficulty to you ; but I believe that it would be 
almost impossible to render it mtelligible to the comprehension 
of so young a child as your sister 8ophia. You, who are now 
in your thurteenth year, may, I think, with great propriety, learn 
not only the cause of this particular fact, but acquire a general 
knowledge of the laws by which the natural world is governed. 

EmUy. Of all things, it is what I should most like to learn ; 
but I was afraid it was too difficult a study even at my age. 

Mrs. JB. Not when familiarly explained : if you have patience 
to attend, I will most willingly give you all the information in 
my power. You may perhaps find the subject rather dry at first j 
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10 GENERAL PROPERTIES OF BODIES. 

but if I succeed in explaining the laws of nature, so as to make 
you understand them, I am sure that you will derive not only 
instruction, but great amusement from that study. 

JEmih/. I make no doubt of it, Mrs. B.; and pray beg^in by 
explaining why the earth requires no support; for that is the 
pomt which just now most strongly excites my curiosity. 

Jktrs, B. My dear Emily, if I am to attempt to give you a 

feneral idea of the laws of nature, which is no less than to mtro- 
uce you to a knowledge of the science of natural philosophy, it 
will be necessary for us to proceed with some degree ot regu- 
larity. I do not wish to confine you to the systematic order of a 
scientific treatise, but if we were merely to examine every vague 
question that may chance to occur, our progress would be out 
very slow. Let us, therefore, begin by taking a short survey of 
the general properties of bodies, some of which must necessarily 
be exf^ainea before I can attempt to make you understand why 
the earth requires no support. 

fWhen I speak of 6oatc«. I^toean substances, of whatever na- 
ture, whether solid or fluidi' and matter is the general term used 
to denote the substance, whatever its nature be, of which the 
different bodies are composed J Thus, the wood of which this 
table is made, the water with which this glass is filled, and the 
air which we continually breathe, are each of them matter, 

IkniUy, I am very glad you have explained the meaning of 
the word matter, as it lias corrected an errroneous conception I 
had formed of it : I thou^t that it was applicable to solid bodies 
only. 

Mrs. B. There are certain properties which appear to be 
common to all bodies, and are hence, called the essential or inhe- 
rent properties of bodies ; these aro^' Impenetrability, Extension^ 
Figure, Divisibility^ Inertia and ^ttractum,( These are also called 
the general properties of bodies, as we do not suppose any body 
to exist without them. 

? By impenetrability is meant the propertjr which bodies have 
of occupying a certain space, so tiiat where one body is, another 
can not be, without displacing the former ; for two bodies can not 
exist in the same place at the same time.' A liquid may be more 
easily removed than a solid body; yet it is not the less substan- 
tial, since it is as impossible for a liquid and a solid to occupy 
the same space at the same time, as for two solid bodies to do 
so. For instance, if you put a spoon into a glass ful) of water, 
the water will flow over to make room for the spoon/ 

Emily. 1 understand tins perfectly. Liquids are in reality 

1. What is intended by the t^rm bodieg? 2. Is the term matter, restrict- 
ed to substances of a particular kind? 3. Name those properties of bodies, 
which are called inherent. 4. What is meant by impenetrability? 5. Can 
a liquid be said to be impenetrable? 
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as substantial or as impenetrable as solid bodies, and they ^- 
pear less so, only because they are more easily displaced. 

Mrs, B, The air is a fluid differing in its nature from lipids, 
but no less impenetrable.^ If I endeavour to fill tiiis phial by 
plunging it into this bason of water, the air, you see, rushes out 
of the phial in bubbles, in order to make wiiy for the water, for 
the air and the water can not exist t(^t^er in the same space, 
any more than two hard bodies ; and if I reverse this ^blet, and 

eunge it perpendicularly into the water, so that the air will not 
\ able to escape, the water will no longer be able to fill the 
goblet./ 

Emiiy. But it rises some way into the glass. 

Mrs, B, I Because the water compresses or squeezes the air 
into a smaller space in the upper part of the glass ; but, as long 
as it remains there, no other body can occupy tiie same {^ce.- 

Emily, A difficulty has just occurred to me, with regard to the 
impenetrability of solid bodies ; if a nail is driven into a piece of 
wood, it penetrates it, and both the wood and the nail occupy 
the same space that the wood alone did before? 

Mrs, B, *The nail penetrates between the particles of the 
wood, by forcing them to make way for it ; for you know that 
not a single atom of wood can remain in the space which 
the nail occupies ; and if the wood is not increased in size by the 
addition of me nail, it is because wood is a pOrous substance, 
like sponge, the particles of which may be compressed or squeez- 
ed closer together ; and it is thus that they make way for the 
nail. ! 

We may now proceed to the next general property of bodies, 
extension, A body which occupies a certain space must neces- 
sarily have extension 5 that is to sajjlength, breadth and depth 01 
thickness ; these are called the dimensions of extension : can you 
form an idea of any body without them ? 

EmUy, No; certainly I can not; though these dimensions 
must, of course vary extremely in different bodies. The length, 
breadth and depth of a box, or of a thimble, are very differ^t 
from those of a walking stick, or of a hair. 

But is not hcdeht also a dimension of extension P 

Mrs B. ^ Hei^t and depth %m the same dimension, consider- 
ed in di^rent points of view; if you measure a body, w a ^ce, 
from thc^ toqp to the bottom, you call it deplh ; if from ^e bottom 

6. How can you prove that air is impenetrable ? 7. If air is impenetni' 
ble, what causes the water to rise some way into a g^oblet, if I plung^e it into 
water with its mouth downward? 8. When I drive a nail into ifocd, do not 
hoth the nron and the wood occupy the tame space? 9l In how many diree* 
tions is a body said to haye extensioo? 10. How do we disting^aiah the tenw 
height and ^th? 
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upwards, you call it hei^t; thus ih% depth and height of a box 
are, in fact, the same thing. ' 

Emily. Very true; a moment's consideration would have 
enabled me to discover that; and breadth and width are also the 
same dimension. 

Mrs. B. Yes ;/ the limits of extension constitute figure or 
shape. / You conceive that a body having len^, breadth ^nd 
depth) can not be without form, either symmetrical or irregular ? 

JEmily, Undoubtedly ; and this property admits of almost an 
infinite variety. 

Mrs, B, Nature has assigned regular forms to many of her 
productions, i The natural form of various mineral substances 
IS that <^ crystals, of which there is a great variety. Many of 
them are very beautiful, and no less remarkable by their trans- 
parency or colour, than by the perfect regularity of their forms, 
as maj be seen in the various museums and collections of natu- 
ral history^ The ve^table and animal creation appears less 
symmetrical, but is still more diversified in figure ihan the mine- 
nil kingdom.! Manufactured substances assume the various 
arbitrary forms which the art of man designs for them ; and an 
infinite number of irregular forms are produced by fractures and 
by the dismemberment of the parts of bodiesj/ 

Emily. Such as a piece of broken china, or glass ? 

Mrs. B. Or the masses and fragments of stone, and other mine- 
ral substances, which are du^ out of the earth, or found upon its 
surface ; many of which, although composed of minute crystals, 
are in tiie lump of an irregular form. 

We may now proceed to divisibility ^ dhat is to say, a suscep- 
tibility of being divided into an indefinite number of parts. 'Tkke 
any small quantity of matter, a grain of sand for instance, and 
cut it into two parts ; these two parts might be again divided, 
had we instruments sufficiently fine for the purpose; and if by 
means of pounding, grinding, and other similar methods, we car- 
ry this division to tne greatest possible extent, and reduce the 
body to its finest imaginable particles, yet not one of the parti- 
cles will be destroyed, but will each contain as many halves and 
quarters, as did the whole ^ain. 

The dissolving of a sohd body in a liquid, afibrds a very 
striking example of the extreme divisibility of matter; when you 
sweeten a cup of tea, for instance, with what minuteness the 
sugar must be ^l^uled to be diffused throughout the whole of the 
liquid. 

11. Wh^rconsUtates the Jigure, or form of a body? 12. What is said 
respecting the form of minenOa? 13. What of the vegetable and animal 
creation? 14. What of artificial, and accidental forms? 16. What is meant 
by diviqinlity ? 16. What examples can you give, to prove that the partx- 
eles of &l>ody are minntexn the estrone? 
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EmUy, And if you pour a few drops of red wine into a glass 
of water, they immediately tinge the whole of the water, and 
must therefore be diSused througiiout it. 

Mrs. B, Exactly so ; and the perfume of this lavender water 
will be almost as instantaneously diffused throughout the room, 
if I take out the stopper. 

Emily. But in this case it is only the perfume of the laven- 
der, ana not the water itself that is diffused in the room. 

Mrs, B. The odour or smell of a body is part of the body 
itself, and is produced by very minute particles or exhalations 
which escape from the odoriferous bodies. It would be impossi- 
ble that you should smell the lavender water, if particles of it 
did not come in actual contact with your nose/ 

Emily. But when I smell a flower, I see no vapour rise from 
it; and yet I perceive the smell at a considerable distance. 

Mrs. B. You could, I assure you, no more smell a flower, the 
odoriferous particles of which did jiot touch your nose, than you 
could taste a fruit, the flavoured particles Of which did not come 
in contact with your tongue. 

Emily, That is wonderful indeed ; the pai'ticles then, which 
exhale from the flower and from the lavender water, are, I sup- 
pose, too small to be visible P 

Mrs,- B, Certainly :^ you may form some idea of their extreme 
minuteness, from the im^nense number which must have escaped 
in order to perfume the whole room j and yet there is no sensible 
diminution of the liquid in the phial.) 

Emily, But the quantity must ffeally be diminished ? 

Mrs. B, Undoubtedly; and were you to leave the bottle open 
a sufficient length of time, the whole of the water would evapo- 
rate and disappear. But though so minutely subdivided as to be 
imperceptibki to any of our senses, each particle would continue 
to exist ; foivit is not within the power of man to destroy a single 
particle of matter: nor is there any reason^ to suppose that in 
nature an atom is ever annihilated, T 

Emily, Yet, when a body is burnt to ashes, part of it, at least, 
appears to be effectually destroyed : look how small is the resi- 
due of ashes in the fire place, from all the fuel which has been 
consumed within it. 

Mrs, B. That part of <lie fuel, which you suppose to be de- 
strovedy^ evaporates in the form of smoke, and .vapour, and air, 
whilst 4ie remainder is reduced to ashes/ A bodv? in burning, 
under^es no doubt very remarkable changes ; it is generalnf 
subdivided; its fonn and colour altered; its extension increased: 
but the various parts, into which it has Been separated by com- 

17. What prodaces the odour of bodies? 18. How do odourg exemplify the 
minuteness of the particles of matter ? 19. Can matter be in any way anni- 
hilated ? 20. What becomes of the fuel, which disaimears in our fires ? 
B 
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bustiiHi, conturae in eustence, and retain all the essential pro- 
perties of bodies. 

EmUy, But that part of a burnt body which evaporates in 
smoke has no fi^re ; smoke, it is true, ascends in columns intp 
the air, but it is soon so much diffused as to lose all form ; it 
becomes indeed invisible. 

Mr». B, Invisible, I allow; but we must not ima^e ihat 
what we no lender see no longer exists. Were every parti* 
cle of matter that becomes invisible annihilated, the world itself 
would in the course of time be destroyed. ^ The particles of 
smoke, when diffused in the air, continue still to be particles of 
matter as well as when more closely united in tiie form of coakD 
they are really as substantial in the one state as in the other, 
and equally so when by their extreme subdivisicm the^ become 
invisilJe.^ No particle of matter is ever destroyed : tiiis is a prin- 
ciple you must constantly remember. Every thing in nature 
decays and corrupts in the lapse of time. We tSe, and our 
bodies moulder to du^t; Init not a single atom of tiiem is lost; 
{hey serve to nourish the earth, whence, while living^ they drew 
tiieir support. 

The next essential property of matter is called inertia or in»- 
activity ithis wwd expresses the resistance which matter makes 
to a change from a state of rest, to that of motion, or from a state 
of motion to that of rest , Bodies are eqaall^ incapable of chang- 
ing their actual state, whether it be of motion or of rest. You 
know that it requires force to put a body which is at rest in mo- 
tion; an exertion of strength is also requisite to stop a body 
whidi is already in motion. The resistance of the body to a 
change <^ state, in either case, arises from its inertia. 

EmUy, i> In playing at base-ball I am obl^d to use all my 
str^^h to give a rapid motion to the ball; and when I have to . 
catch it, I am sure I feel the resistance it makes to beins stopped^) 
But if I cUd not catch it, it would soon fall to the ground ana stop^ 
of itself. 

Mrs. B. Matter being inert it is as incapaUe of stopping of 
itself as it is erf" putting itself into motion : when the ball ceases 
to move, therefore, it must be stopped by some other cause or 
power ) but as it is one with which you are yet unacquainted, we 
can ndt at present investigate its effects. 

The last property whi^ appears to be common te ail bodies 
is attraction. I AH bodies consist of in&iitely small particles rf 
matter, each of which possesses thcj^ power oi attracting or draw- 
ing towards it^ and umting with any olher particle sufficiently 

21. H(m can that part which evaporates, be still said to possess a substan- 
tial fonH? 22. What do we mean by inertia? 23. Give an gacample to 
prove Ifeyat force is necessary, either to give or to stop motion. 24. Wimt ge- 
neral fGfwer do the particles of matter exert upon other particles? 
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near to be within the influence of its attmction^ but m minute 
particles this power extends to so very small a distance around 
them, that its efibct is not sensible, unless they are (or at least 
appear to be) in contact ; it then makes them stick or adhere 
together, and is hence called the\attraction of cohesion^ With- 
out this power^ solid bodies would fall in pieces, or rather crum 
ble to atoms. 

Emily. I am so much accustomed to see bodies firm and so-* 
lid, that it never occurred to me that any power was requisite to 
unite the particles of which tiiey are composed. But the attrac- 
tion o^ cohesion does not, I suppose, exist in liquids; for the 
particles of liquids do not remain t<^ther so as to form a body, 
unless confined in a vessel ? 

Mrs. B. I beg your pardon ;(^ it is the attraction of cohesion 
which holds this drop of water suspended at the end of my fin- 
ger, and keeps the minute watery particles of which it is com- 
posed united. ) But as this power is stronger in proportion as the 
particles of bodies are more closely unit^, the cohesive attrac- 
tion of solid bodies is much greater than that of fluids. 

The thinner and lighter a fluid is, the less is the cohesive at- 
traction of its particles, because they are further apart ; and in 
elastic fluids, such as air, there is no cohesive attraction among 
the particles. 

JamUy. That is very fortunate ; for it would be impossible to 
breathe' the air in a solid mass; or even in a liquid state. 

But is the air a body of*the same nature as other bodies ? 

Mrs. B. Undoubtedly, in all essential properties. 

Emihf, Yet you say that it does not possess one of the gene- 
ral properties of bodies — attraction. 

Mrs. B, The particles of air are not destitute of the power 
of attraction, but(Jthey are too far distant from each other to be 
influenced by it so as to produce cohesionjandiihe utmost efforts 
of human art have proved ineffectual in the attempt to compress 
them, so as to bring them within the sphere of each other^ at- 
tractiouj and make them cohere. ' 

Emily. If so, how is it possible to prove that they are endow- 
ed with this power ? ^1^ 

Mrs. B.i The air is formed of particles precisely 91 the same 
nature as those which enter into the composition of liquid and solid 
bodies, in each of which we have a proof of tfeeip attraction. > 

Emily. It is then, I suppose/ owing to the tllierent d^rees 
of cohesive attraction in different substances, that ^Bb^ are hard 
or soft, and that liquids are thick or thin.^ 

25. What is that species of attraction called, which keeps bodies in a solid 
ttate ? 26. Does the attraction of cohesion exist in liquids, and how is its ex- 
istence proved ? 37. If the particles of air attract each other, why do they 
not cohere ? 28. From what then do you infer that they possess attraction ? 
^. How do yott account for some bodies being hard and otiiera soft ? 
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Mrs. B. Yes ; but jrou would express jour meaning better 
bj the term density^ whichldenotes me. degree of closeness and 
compactness of the . particles of a body. j In philosophical* lan- 
guage, density is said to be that propeny of bodies by which 
they contain a certain quantity of matter, under a certain bulk 
or magnitude. Rarity is the contrary of density; it denotes the 
thinness and subtilty of bodies : thus you would say that mercu- 
ry or quicksilver was a very dense fluid ; ether, a very rare one. 
Those bodies which are the most dense, do not always cohere 
the most strongly ; lead is more dense than iron, yet its particles 
are more easily separated. 

Caroline, fiut now are we to judge of the quantity of matter 
contained in a certain bulk ? 

Mrs. B. . By the weight rounder the same bulk bodies are said 
to be dense in proportion as they are heavy. 

Emily. Then we may say tKat metals arie dense bodies, wood 
comparatively a rare one, &c. But, Mrs. B., when the particles 
of a body are so near as to attract each other, the effect of this 
power must increase as they are brought by it closer together ; 
so that one would suppose that the body would ^dually augment 
in density, till it was impossible for its particles to be more 
closely united. Now, we know that this is not the case; for soft 
bodies, such as cork, sponge, or butter, never become, in conse- 
quence of the increasing attraction of theur particles, as hard as 
iron? 

Mrs. B. In such bodies as cork find sponge, the particles 
which come in contact are so few as to produce but a slight de- 
gree of cohesion : they are porous bodies, which, owing to the 
peculiar arrangement of their particles, abound with interstices, 
or pores, which separate the particles. But there is also a fluid 
much more subtile than air, which pervades all bodies, this i^^eatl) 
Heat insinuates itself more or less between the particles of all 
bodies, and forces them asunder ; you may tiierefore consider 
heat, and the attraction of cohesion, as constantly acting in op- 
position to each other. 

Emily. Th^ one endeavouring to rend a body to pieces, the 
other to keep its parts firmly united. 

Mrs. B. And it is this stru^e between the contending forces 
of heat and attraction, which prevents the extreme degree of 
density which would result from the sole influence of the attrac- 
tion of cohesioR- 

Emily. The more a body is heated then, the more its parti- 
cles will be separated. 

30. W]»at is meant by the term density? 31. Do the most dense bodies 
always eohere the most strongly ? 32. How do we know that one body is 
more dense than another? 33. What is there which acts in opposition to eo* 
besive attraction, tending; to separate the particles of bodies ? 
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Mrs^ B* C^ininlj : we find ihiat bodies not onlj swell or 
dilate, but lose their cohesion, by heat: this effect is very sensible 
in butter, for instance^ which expands by the amplication of heat, 
till at lensth the attraction of cohesion is so far diminished that 
the particles separate, waA the butter becomes liquid. A similar 
effect is produced by heat on metals, and all bodies susceptible 
of being melted. Xiiquids, you know, are made to boil b^ liie 
application of heat ; ihe attntction of cohesion then yields entirely 
to the repulsive power ; (pie particles are totally separated and 
convertea into steam or vapour.^ But the agency of heat is in no 
bodj more sensil^ev^than in airj) which dilates and contracts by 
its increase or diminution jn a very remarkable deeree. 

Emily* The effects of heat appear to be one of the most ^i- 
teresting parts of luttural phUpspphy. 

Mrs, A That is true ; but heat is so intimately connected 
with chemistry, that you must-^low me to defer the investiga- 
tion of its properties id\ you become acquainted with that science. 

To return to its antagonist, the/at^action of cohesionj^t is this 
power which re^res to vapour its liquid fom^which unites it 
into drops when k falls to esxth in a shower of raiuj^which gathers 
the dew into brilliant gems on the blades of grass. 

JEmUy. And I have often observed that after a shower, the 
water collects into large drops on the leaves of ^ants ; but I can- 
not say that I perfecSy miderstand how the attraction of c^e- 
sion produces this effect 

Jma. B. (Bain, when it first leaves the clouds, is not in the 
form of dnm, biM^ in that of mist or vapour, which is composed 
of very small watery particles ; these in th^ descent mutually 
attract each other, and those that are sufficiently near in conse- 
(][uence unite and form a droip, and thus the mist is transformed 
into a ^owerTfrbe dew also was originally in a state of fitpour, 
but is, by the mutual attraction cn^the particles, formed into 
small globules on tiie blades of ^ass^ in a similar manner the 
rain upon the leaf collects into large drops, whidi when they 
become too heavy for the leaf to support, fall to the ground.; 

£miiy. AU^is is wonderfully curious ! I am ^most bewil- 
dered with surprise and admiration at the numbw of new ideas 
I hiffFe «b«ady acqutoe^i 

Mrs. B. Every Step that you advance in &e pursuit oi natu- 
lal science, wiU nQ your mind with ai^ra^on and gratitude 
towards its Divine Author. In the study of natural {^osophy, 

34/What would be the coosequenee if the repulsive powSr of heat were not 
exerted? 35. If we continue to increase the heat, what efiects will it pro- 
duce on bodies ? 36. What body has its dimensions most sensiblr affected b j 
chance of temperature ? 37. What power restores vapours to the liquid ^rm? 
38. What examples ean you give? 39. How are drops of rain and of deW 
said to be formed ? 
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we must consider ourselves as reading the book of nature, in 
which the bountiful goodness and wisdom of God are reveded 
to all mankind ; no study can tend more to purify the heart, 
and raise it to a religious contemplation of the Divine perfections. 

There is another curious effect of the attraction of cohesion 
which I must point out to you i this is called capillary attraction. 
It enaUes liquids to rise above their ordinary level in capillary 
tubes y these are tubes, the bores of which are fD extremely small) 
thati liquids ascend within them,\from the cohesive attraction 
between the particles of the liqmd and the interior surface of 
the tube. Do you perceive the water rising in this small dass 
tube, above its level in tlie goblet of water, into which I nave 
put one end of it? 

EmUy. Oh yes ; I see it slowly creefung up the tube, but now 
it is stationary : will it rise no hi^er ? 

Mrs. B, No; (because the cohesive attraction between the 
water and the internal surface of the tube is now balanced by 
the weight of the water within it^ if the bwe of the tube were 
narrower the water would rise hi^er ; and if y«u immerse seve- 
ral tubes of bores of different sizes, you will wefe it rise to differ- 
ent heights in each of them. In making this experiment, you 
should colour the water with a little red wine, In order to ren- 
der ^e effect more obvious. 

Ail porous substances, such as sponge, Inread, linen, &c. may be 
considered as collections of capillary tubes :^f you dip one end ot 
a lump of sugar into water, the fluid will rise in it, and wet it 
considerably above the surface of the watier into which you dip itO 

Ermly. In making tea I have often observed that effect, with- 
out being able to account for it 

Mrs. n. Now that you are acquainted witii the attraction of 
cohesion, I must endeavour to explain to you that of Gravita- 
tion^ which is probably a modification of tne same power;' the 
first is perceptible only in very minute particles, and at very 
small distances; the otlier acts on the largest bodies, and extends 
to immense distances.^ 

Emily. You astonish me : surely you do riot tnean to say that 
large bodies attract each other ? 

Mrs. B. Indeed I do : let us take, fbr example, one of fte 
largest bodies in nature, and observe whether it does not attract 
other bodies. What is it that occasions the fall of this book, 
when I no longer support it ? 

40. What is-fbeant by a capillary tube? 41. What effect does attraction 
produce when these are immersed in water ? 42. What is the reason that 
the water rises to a certain height only ? 43. Give some &miliar examples 
of capillary attraction. 44. In what does gravitaiion differ from cohesive 
attf^ctionf 45. What causes bodies near the earth's surface, to have a 
tendency to fall towards it? 
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Efmhj. Can it be the attraction of the earth ? I thought that 
2^\ bodies had a natural tendencw to fail. 

Mrs. B, Thej have a natural tendency to fall, it is true ; but 
that tendency is produced entirely by the attraction of the eartJi:^ 
the earth beiAg so much lai^er than any body on its surface, 
forces every body, which is not supported, to rail upon it. 

Emily. If the tendency which bodies have to fall results 
from the earth's attractive power, the earth itself can have no 
such tendency, since it cannot attract itself, and therefore it 
requires no support to prevent it from falling. Yet the idea that 
bodies do not tall of tlieir own accord, but uiat they are drawn 
towards the earth by its attraction, is so new and stnmge to me^ 
that I know not how to reconcile myself to it. 

Mrs. Bn When you are accustomed to consider the fall of 
bodies as depending on this cause, it will appear to you as natu- 
ral, and surely mucn more satisfactory, than if the cause of their 
tendency to fall were totally unknown. Thus you understand 
that all matter is attractive, from^ the smallest particle to tiie 
largest mass; and that bodies attract each other with a force pro- 
portional to the quantity of matter they contain. 

Emily. I do not perceive any difference between the attrac- 
tion of coheuon and that of gravitation ; is it not because ev^ 
particle of matter is endowed with an attractive power, that 
large bodies consisting of a great number of particles, are so 
strongly attractive? 

Mrs. B. True. There is, howerer, this difiference between 
the attraction of particles and that of masses^ that ^ former 
takes place only when the particles are contiguous, whilst the 
latter is exertea when the masses are far jfmn each other J The 
attraction of particles frequently counteracts the attraction" of 
gravitation. Of this you have an instance(^in the attraction of 
capillary tubes, in which liquids ascend by the attraction of cohe- 
sion, in opposition to that of gravity.^ It is on this account that 
^t is necessary that the bore of tne tube should be extremely 
small ; for if the column of water within the tube is not very 
minute, the attraction of cohesion would not be able either to raise 
or support it in opposition to its gravity ;>because the increase of 
weight, in a column of wator of a given neisht, is muck greater 
than the increase in the attracting surface of the tube, when its 
size is increased^ 

You may observe also, that all solid bodies are enabled by the 
force of the cohesive attraction of their particles to resist that of 
gravity, which i^ould otiierwise disunite them, and ^sm^ them to 

46. What remarkable difference is there between the attractioaof gravita- 
tioo, and that of cohesion ? 47. In what instances does the power of cohedon 
counteract that of gravitation? 48. Why wiU water rise to a less height, if 
the size o^the tube is increased ' 
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a lerei with Ae groimd, as it does in ihe case of a liquid, ihe 
cohesive attraction of which is not sufficient to enable it to remt 
the power of gravity. - 

Endkf* And some solid bodies appear to be of this nature, as 
sand, and powder for instance : there is no attraction of o<rfiesi<m 
between their particles P ^ 

Mrs, B* Every grain of powder, or Sand, is com])osed of a great 
number of other more minute particles, firmly united by the at- 
traction of cohesion ; but amongst the s^>arate grains^ere is no 
sen^ble attiiM^tion, because they are not m suffiaently close con* 
tact 

EmUy. Yet they actually tou^ each other ? 

Mrs. ^.Yf The surface of bodies is in general so rou^ and 
uneven, thaJt when in apparent contact^they touch each other <mly 
by a few. poin^JXhus, when I lay this book upon the taMe, ti^e 
bmdii^ of whioi appears perfecuy anooth, so few of the par- 
ticles <S its under surface come in contact with tl^ tahle, that 
no s^isible degree of cohesive attraction takes place ; for you see 
that it does not stick w cohere to the table, and I find no diffi^ 
culty in lifting it <^. 

It is <mly men sur&ces, perfectly flat and well polished, are 
idaced in contact, that Ihe particles a{^roach in samcient num- 
ber, and closely enough, to produce a se^isible degree of cohesive 
attrition. Heire are two plates of pdished metd, I press tfadir 
flat surfaces tether, having previously mterposed a few dri^ 
of oil^ to(fiU up every little porous vacancy.) Now try to sepa^ 
rate^em. 

EmUy. It requires |m effort b^rond my strength, thoudi 
there are handles foac the purpose of puUing them asunder. Is 
tha firm adhesion of the two plates merely owing to the attrac- 
tion of cohesion P 

Mrs, B, There is no force more powerful, since it is by this 
that the pculicles of the hardest bodies are held together. It 
would require a weight of s&^eral pounds to separate these plates. 
In the present example, however, much of the cohesive force is 
due to the attraction sub^^ang b^ween ^ metal and tl^ tvX 
whu^ is interposed; as without this, or some other fluid, the 
points of contact wmdd still be €OBq^arativ€ly fow, althoa^ we 
may have employed our utmost art, in giving flat mir&ces to the 
plates. 

JE?f9t%. In making a kaleidoscope, I recollect that the two 
plates (H ^ass, whid^ were to serve as mrrors, stuck so &8t to- 
gether, that I unagiiied some of the gum I had been uung had 
By chance been interposed between than ; but I am now G<m- 

49. Why do not two bodies cohere, -wlien laid upon each other ? 50. Caa 
two bodies be made toffic^eiitly flat to cohere with considerable force?—- 
51. Whttt 18 the roMoo that the adheaioo is greater when oil is interposed ^ 
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vinced that it was theif own natural cohesive attraction which 
produced this effect. 

Mrs^ B. Very probably it was so; for plate-glass has an ex- 
tremely smooth, flat surface, admitting of the contact of a great 
number of particles, when two plates are laid upon each other. 

Emily. But, Mrs. B., the cohesive attraclion of some sub- 
stances is much greater than tliat of others ; thus glue, gum and 
paste, cohere wi9i singular tenacity. 

Mrs. B. Bodies which differ in their natures in other respects, 
differ also in their cohesive attraction ; it is probable that there 
are no two bodies, the particles of which attract each other with 
precisely the same force. 

There are some other modifications of attraction peculiar to 
certain bodies| namely, that o^magnetism, of electricity, and of 
affinity, or chemical attraction^ but we shidl confine our atten- 
tion merely to the attraction or cohesion and of gravity ; the ex- 
amination of the latter we shall resume at our nett meeting. 

52. What other modifications of attractxon are there, besides those of eolie 
■ion and of grayitation f 
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ON THE ATTRACTION OF GRAVITY. 

ATTRACTION OF GRAVITATIOIT, COWTIlfUBD.— OP WEIOHT.^F THE FAJLL 
OF BOmSS.^OF THJB RX9I8TAirCB OF THE AIR. — OF TAB A8CEVT OF 
LMHT B0DIB6. 

EMILT. 

I HAVE related to my ustar Caroline all that jou have taught 
me of natural philosophy, and she has been so much delij^tedl^ 
it, that she hopes you will have the goodness to admit her to 
your lessons. 

Mrs. B, Yerj willingly; but I did not think you had any 
taste for studies of this nature, Caroline. 

Caroline, I confess, Mrs. B., that hitherto I had f(Hined no 
very agreeable idea either of philosophy, or philosophers ; but 
what Emily has told me has excited my curiosity so much, that 
I shall be nighly pleased if you will allow me to become one of 
your pupils. 

Mrs. B. I fear that I shall not find you so tractable a scho- 
lar as Emily; I know that you are much biased in favour of your 
own opinions. 

Caroline. Then you will have the greater merit in reforming 
them, Mrs. B.; and after all ^e wonderS that Emily has related 
to me, I think I stand but little chance aguiist you and your 
attractions. 

Mrs. B. Tou will, I doubt not, advance a number of ob- 
jections; but these I shall willingljr admit, as they will afford 
an opporif:unity of elucidating the subject. Emily, do you recM- 
lect V^t names of the general properties of bodies ? 

Emily. Impenetrabuity, extension, figure, divisibility, inertia 
and attraction. 

Mrs. B. Yerj well. You must remember that these are pro- 
perties common to all bodies, and of which they cannot be de- 
prived; all other nroperties of bodies are called accidental, be- 
cause they depend on the relation or connexion of one body to 
another. 

1. What are thoee properties ef bodies caUed, which are not common to all ? 
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CaroHne. Yet snrel j, Mrs. B. there are other properties which 
are essential to bodies^ besides those you have enumerated. 
C olour and weight, for instance, are common to all bodies, and 
do not arise from their connexion with each other, but exist in 
the bodies themselves; these, therefore, cannot -be accidental 
qualities? 

Mrs. B, I beg jour pardon ; these properties do not exist in 
bodies independently of their connexion with other bodies. 

-Caroline. What! have bodies no weight? Does not this table 
weigh heavier than this book ; and, if one thing weighs heavier 
than another, must there noti>e such a thing as weight ? 

Mrs, B. No doubt : but this property does not appear to be 
essential to bodies; it d^nds upon their connexion with each 
other. Weight is an effect of the power of^ attraction, without 
which the tame and the book would have no weight whatever. 

Emily, I think I understand you ; it is the attraction of gra- 
vity which .makes bodies heavy. 

Mrs, B, You are right. I told you that the attraction of gra- 
vity was proportioned to the quantity of matter which bodies con- 
tain: now die earth consisting of a much greater quantity of 
matter than any body upon its surface,( the force of its attrac- 
ticmjmust necessarily be greatest, and must draw every thing 
so situated towards it; in ccmsequence of which, bodies that are 
unsupported fall to the 0>ound, whilst those that are supported, 
press upon the object \imich prevents their fall, with a weight 
equal to the force with which they gravitate towards the earm. 

(Caroline, The same cause then which occasions the Ml of bo- 
dies, produces their weight also. It was very dull in me not to 
und^stand this before, as it is the natural and necessary conse- 
quence (rf* attraction; but the idea that bodies were not really 
heavy of themselves, appeared to me qiute incomprehensible. 
But, Mrs. B. if attmctKm is a [»t>perty e^entiaf to matter, 
weight must be so likewise; fi>r how can one exist without the 
other ? 

Mrs. B, Suppose 'there were but <me body existing in univer- 
sal space, what would its weight be? 

Caroline, That woidd depend upon its size ; or more accu- 
rately speaking, upon the quantity of matter it contained. 

Bmaly, No, no; the body would have no weight, whatever 
were its size; because nothing would attract it. Ani I not rights 
Mrs. B.? 

Mrs, B, You are : you must allow, therefore, that it would be 
pos»ble for attraction to exist without weight; for each of the 

2. Why are tbey so caUed? 3. What is the cause of we%ht in bodies f 
4. What is the reason that aU bodies near to the sur&oe of the earth, are 
drawn towards itf 
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particles of which the body was composed, would possess the 
power of attraction; but they could exert it only amongst them- 
selves ; the whole mass having nothing to attract, or to be at- 
tracted by, would have no weight. 

Caroline, I am now well satisfied that weight is not essential 
to the existence of bodies; but what have you to object to co- 
lours, Mrs. B.; you will not, I think, deny that they really exist 
in the bodies themselves. 

Mrs. B, When we come to treat of the subject of colours, I 
trust that I shall be able to convince you, that colours are like- 
wise accidental qualities, quite distinct from the bodies to which 
they appear to belong. 

Caroline. Oh do pray explaiUj it to us now, I am so very curi- 
ous to know how that is possible. 

Mrs. B. Unless we proceed with some degree of order and 
method, you will in the end find yourself but little the wiser for 
all you learn. Let us therefore go on regularly, and make our- 
selves well acquainted with the general properties of bodies be- 
fore we proceed further. 

Emily. To return, then, to attraction, ^which appears to me by 
far the most interesting of them, since it belongs equally to all 
kinds of matter,) it must be mutual between two bodies; and if 
so, when a stone falls to the earth, the earth should rise part of 
the way to meet the stone ? 

Mrs. B. Certainly; but you must recollect that(the force of 
attraction is proportioned to the quantity of matter which bodies 
contain, and if you considei^ the diiference there is in that respect, 
between a stone and the earth, you will not be surprised that you 
do not perceive the earth rise to meet the stone jt'for though it is 
true that a mutual attraction takes place between the earth and 
the stone, that of the latter is so very small in comparison to that 
of the former, as to render its effect insensible. 

Emily. But since attraction is proportioned to the quantity of 
matter which bodies contain, why do not the hills attract the 
houses and churches towards themr 

Caroline. What an idea, Emily! How can the houses and 
churches be moved, when they are so firmly fixed in tiie 
ground ! • 

Mrs. B. Emily's question is not absurd, and your answer, Ca- 

5. If attraction is the cause of weight, could you suppose it possible for a. 
body to possess the former and not the latter property? 6. When a stone &lla 
to the ground, in which of the two bodies does the power of attraction exist? 
7. If the attraction be mutual, why does not the earth approach the stone, aa 
much as the stone approaches the earth ? 8. If attraction be in proportion 
to the mass, why does not a hill, draw towards its^, a house placed near 
it? 
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Toline, is perfectly just ; but can you tell us why the houses and 
churches are so nrmly fixed in the ground ? 

Caroline, I am afraid I have answered right by mere chance ; 
for I begin to suspect that bricklayers and carpenters could give 
but little stability to their buildings, mthqut tlie aid of at- 
traction. ^ • 

Mrs. B, It is certainly; the cohesive attraction between the 
bricks and the mortar, which enables them to build walls, and 
|these are so strongly attracted by the earth,- as to resist every 
other impulse;) otherwise they would* necessarily move towards 
the hills and the mountains ; but the lesser force must yield to 
the greater. There are, however, some circumstances in w^ich 
the attraction of a large body has sensibly counteracted that of 
the earth, ftf whilst standing on the declivity of a mountain, you 
hold a plumb-line in your hand, the weight will not fall perpen- 
dicular to the earth, but incline a little towards the mountain |- 
and this is owing to the lateral, or sideways attraction of the 
mountain^ interfering with the perpendicular attraction of the 
earth. 

Emily, But the size of a mountain is very trifling, compared 
to the whole earth. 

Mrs, B, Attraction, you must recollect, is in proportion to the 
quantity of matter, and although that of the mountain, is mjich 
less than that of the earth, it may yet be sufficient to act sensi- 
bly upon the plumb-line which is so near to it. 

Caroline, Pray Mrs. B. do the two scales of a balance hang 
parallel to each other? 

Mrs, B, You mean, I suppose, in other words to inquire whe- 
ther two lines which are perpendicular to the earth, are parallel 
to each other? I believe I guess the reason of your question; but 
I wish you would endeavour to answer it without my assist- 
ance. 

Carolhie. I was thinking that(such lines must both tend by 
gravity to the same point, the centre of the earth; now lines 
tending to the same point cannot be parallel, as parallel lines 
are always at an equal distance from each other, and would 
never meet.) 

Mrs, B, Very well explained ; you see now the use of your 
knowledge of parallel lines: had you been ignorant of their pro- 
perties, you could not have drawn such a conclusion. This may 
enable you to form an idea of the great advantage to be derived 
even from a slight knowledge of geometry, in the study of natu- 
ral philosophy; and if after I have made you acquainted with 

9. How can the attraction of a mountain be rendered sensible? 10. Why 
cannot two lines which are perpendicular to the surface of the earth be pa 
lallcl to each other f 

c 
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the first elements, you should be tempted to pursue the study, I 
would advise you to prepare jp^ourselves by acquiring some know- 
ledge of geometry. This science would teach you that lines 
which fall perpendicular to the surface of a sphere cannot be 
parallel, because they would all meet, if prolonged to the centre 
of the sphere; while lines that ftll perpendicular to a plMie or 
flat surface, are always parallel, because if prolonged, they would 
never meet. 

Emily. And yet a pair of scales, hangiAg perpendiculiu: to the 
earth, appear parallel r 

Mrs. B. Because the sphere is so large, and the scales conse- 
quently converge so little, that their inclination is not percepti- 
ble to our senses; if we could construct a pair of scales whose 
beam would extend several degrees, their convergence would be 
very obvious; but as this cannot be accomplishec^ let us draw a 
small figure of the earth, and then we may make a pair of scales 
of the proportion we please, (fig. 1. pi. I.) 

Caroline, This figure renders it very clear: then two bodies 
cannot fall to the earth in parallel lines ? 

Mrs. B, Never. 

Caroline. The reason that a heavy body falls quicker than a 
light one, is, I suppose, because the earth attracts it more 
sSongly. 

Mrs. B. The earth, it is true, attracts a heavy body more than 
a light one; but that would not make the one fall quicker than 
the other. 

Caroline. Yet, since it is attraction that occasions the fell of 
bodies, surely the more a body is attracted, the more rapidly it 
vnll fall. Besides, experience proves it to be so. Do we not 
everyday see heavy bodies fall quickly, and light bodies slowly? 

jamily. It strikes m 3, as it does Caroline, that as attraction is 
proportioned to the quantity of matter, the earth must necessa- 
rily attract a body which contains a great quantity more strongly, 
and therefore bring it to the ground sooner than pne consisting 
of a smaller quantity. 

Mrs. B. You must consider, that if heavy bodies are attracted 
more strongly than light ones, they require more attraction to 
make them fall. Remember that bodies have no natural ten- 
dency to fall, any more than to rise, or to move laterally, and 
tiiat they will not fall unless impelled by some force; now this 
force must be proportioned to ihe quantity of matter it has to 
move : a body consisting of 1000 particles of matter, for instance, 
requires ten times as much attraction to bring it to the ground 
in the same space of time as a body consisting of only 100 par- 
ticles. 

11. Draw a small &gwce of the earth to exemplify this, as ia fig;. 1. plate I. 
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CaroBne. I do not understand that; for it seems to me, that 
the heavier a body is, the more easily and readily it falls. 

Ermly, I think I now comprehena it j let^me try if I cigi ex- 
plain it to Caroline. Suppose that I draw towards me two 
weighty bodies, the one of lOOlbs. the other of lOOOlbs. must I 
not exert ten times as much strength to draw the larger one to 
me, in tiie same space of time, as is required for the smaller one? 
And if the earth draws a body of lOOOlbs. weiffht to it in the 
same space of time that it draws a body of lOcSbs. does it not 
follow that it attracts the body of lOOOlbs. wei^ with ten times 
the force that it does that of lOOlbs. ? 

Caroline. I comprehend your reasoning perfectly; but if it 

were so, the body of lOOOlbs. weight, and that of lOOlbs. would 

fall with the same rapidity; and the consequence would be, that 

I all bodies, whether light or heavy, being at an equal distance 

from the ground, would fall to it in the same space of time : now 

it is very evident that this conclusion is absurd; experience 

, every instant contradicts it; observe how much soonec tnis book 

I reaches the floor than this sheet of paper, wh^ I let them drop 

' together. 

Emily. That is an objection I cannot answer. I must refer it 
to you, Mrs. B. 

Mrs. B. I trust that we shall not find it insurmountable. It 
is true that, according to the laws of attraction, aU bodies at an 
equal distance from me earth, should fall to it in the same space 
01 time; and this would actually take place if no obstacle inter- 
vened to im{)ede their fall. But bodies fall throu^ the air, and 
I /it is the resistance of the air which makes bodies oif different 
' density fall with different degrees of veIocityj;^(^hey must all 
t force their way through the air, (but dense heavy bodies over- 
come this obstacle more easily than rarer or lighter ones ;f be- 
cause in the same space they contain more gravitating parti- 
clesJ 
I /Tne resistance which the air opposes to the fall of bodies is 

j proportioned to their surface, not to their weight; the air being 
I inert, cannot exert a greater force to support the weight of a 
: cannon ball, than it does to support the weight of a ball (of the 
I same size) made of leather; but the cannon ball will overcome 
this resistance more easily, and fall to the ground, consequently, 
quicker than the leather ball. 

Cairolme. This is very clear and solves the difficulty perfectly. 

The air offers the same resistance to a bit of lead ana a bit of 

t 
I 

12. If bodies were not resisted by the air, those which are %ht, would ikll 
' as quickly as those which are heavy, how can yoii account for this f 13. What 
then is the reason that a book, and a sheet of paper, let fall from the same 
height, will not reach the ground in the same time ? 
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feather of the same size ; yet the one seems to meet With no ob- 
struction in its fall, whilst the other is evidently resisted and sup- 
ported for some time by the air. 

Emily, The larger the surface of a body, then, the more air 
it covers, and the greater is the resistance it meets with from it. 

Mrs. B, Certainly : observe the manner in which this sheet 
of paper falls; /it floats awhile in the air, and then gently de- 
scends to the ground./ I will roll the same piece of pa,per up 
into a ball : 'it offers now but a small surface to the air, and 
encounters therefore but little resistance 5 see how much more 
rapidly it falls. ^ " 

The heaviest bodies may be made to float awhile in the air, 
• by making the extent of their surface counterbalance their weight.'; 
' Here is some gold, which is one of the most dense, bodies we are 
acquainted with ; but it has been beaten into a very thin leaf, and ' 
offers 90 great an extent of surface in proportion to its weight, 
that its fall, you see, is still more retaraed by the I'esistance of 
the air, than that of the sheet of paper. 

Caroline, That is very curious: and it is, I suppose, upon 
the s»ime principle that a thin slate sinks in water more slowly 
tlian a round stone. ,^ 

But, Mrs. B., if the air is a real body, is it not also subjected * 
to the laws of gravity? ' 

Mrs, B. Undoubtedly. 

Caroline, Then why does it not, like all other bodies, fall to 
the ground ? . 

Mrs, B. vOn account of its spring or elasticity. ' The air 
is an elastic fluid $ and the peculiar property of elastic bodies 
is to resume, after compression, their original dimensions; and 
you must consider the air of which the atmosphere is composed 
as existing in a state of compression, for its particles being 
drawn towards the earth by gravity, are brought closer togetlier 
than thev would otherwise be, but the spring or elasticity of the 
air by which it endeavours to resist coinpression, gives it a con- 
stant tendency to expand itself, so as to resume the dimensions 
it would naturally have, if not under the influence of gravity. 
The air may therefore be said constantly jto struggle with the 
power of gravity without being able to overcome it. Gravity 
thus confines the air to the regions of our globe, whilst its elasti- 
city prevents it from falling, like other bodies, to the ground. 

IlmUy, The air then is, I suppose, thicker, or I should rather 
say more dense, near the surface of the earthy than in the higher 

14. What then will b^ the effect of increasing the surface of a body? — 

15. What could you do to a sheet of pai)er, to make it fall quickly, and why .^ 

16. Inform me how a very dense body may be made to float in the air ?— 

17. The air is a real body, why does it not fall to the ground? 
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regions of fte atmosphere; for that part of the air which is nearer 
the surface of the earth must be most strongly attracted. 

Mrs, B. VThe diminution of the force orgravtty, at so small 
a distance as that to which the atmosphere extends (compared 
with the size of the earth) is so inconsiderable as to be scarcely 
sensible j) but the pressure of the upper parts of the atmosphere 
on those beneath, renders the air near tne surface of the earth 
^ much more dense than in the upper regions. The pressure of the^ 
atmosphere has been compared to that of a pile of neeces of wool, 
in which the lower fleeces are pressed together by the weight of 
those above ; tl^se lie light ana loose, in proporti<^ as they ap- 
proach the uppermost fleece, which receives no external pressure, 
and is confined merely by the force of its own gravity. 

Emily, I do not understand how it is that the air can be 
springy or elastic, as the particles of which it is composed must, 
accoraing to the general mw, attract each other; yet tbeir elas- 
ticity, must arise from a tendency to recede from each other. 

Mrs. B, Have you forgotten what I told you respecting the 
effects of heat, a fluid so subtile that it readily pervades all sub- 
stances, and even in solid bodies, counteracts the attraction of 
cohesion ? In air the quantity ofjheatynterposed is so great, as to 
cause its particles actually to repel each other, and it is to this 
that we must ascribe its elasticity; this, however, does not pre- 
vent the earth from exerting its attraction upon the indiviclual 
particles of which it consists. 

Caroline, It has just occurred to me that there are some bo- 
dies which do not ^avitate towards the earth. Smoke and 
steam, for instance, rise instead of falling. 

Mrs, B, It is still gravity. which produces their ascent; at 
least, were that power destroyed, these bodies would not rise. 

Caroline, I snail be out of conceit with gravity, if it is so 
inconsistent in its operations. 

Mrs, B, There is no difficulty in reconciling this apparent 
inconsistency of effect. ^The air near the earth is heavier than 
smoke, steam, or other vapours j it consequently not only sup- 
ports these light bodies, but forces them to rise, till they reach a 
part of the atmosphere, the weight of which is not greater than 
their own, and then they remain stationary.; Look at this bason 
of water ; why does the piece of paper which I throw into it float 
on the surface ? ' 

Emily, Because, being lighter than the' water, it is supported 
by it. 

18. The air is more dense near the surface of the earth, and decreases in 
density as you ascend, how is this accounted for, and to what is it compared f 
19. What is it which causes the particles of air to recede from each other, 
and seems to destroy their mutual attraction? 20. Smoke and vapour as- 
cend in the atmosphere, how can you reconcile tliis with gravitation ? — 
C 2 
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Mrs, B. And now that I pour morfe water intp the bason, 
why does the paper rise ? 

jSmily, ^Thfe water being heavier than the paper, gets beneath 
it, aind obliges it to rise. ) 

Mrs. B. In a similar manner are smoke and vapour forced 
upwards by the air; but these bodies do not, like the paper, 
ascend to the surface of the fluid, because, as we observed beiore, 
|[the air being less dense, and consequently lighter as it is more 
distant from the earth, vapours rise only till they attain a region , 
of air of their own density .j Smoke, indeed ascends but a very 
littie way; iifcondists of minute particles of fuel,)pafrried up by a 
current of heated air, from the fire below ^ heatjj you recollect, 
expands all bodies ; it consequently rarefies air, and renders it 
lighter than the colder air of the atmosphere; the heated air from 
the fire carries up with it vapour and small particles of the com- 
bustible materials Vhich are burning in the fire. When this cur- 
rent of hot air is cooled by mixins with the atmosphere, the 
minute particles of coal, or other combustible, fall ; it is this which 
produces the small black flakes which render the air, and every 
thing in contact with it, in London, so dirty. 

(Jaroline. You must, however, allow me to make one. more 
objection to the universal gravity of bodies ; which is the ascent 
of air balloons, the materials of which are undoubtedly heavier 
than air : how, therefore, can they be supported by it ? 

Mrs. B. I admit that the materials of which balloons are 
made are heavier than ike air ; but^the air with which they are 
filled is an elastic fluid, of a different nature from atmospheric 
air, and considerably lighter^ so that on the whole the balloon is 
lighter than the air which it displaces, and conseouently will 
rise, on the same principle as smoke and vapour. Now, Emily, 
let me hear if you can explain how the gravity of bodies is modi- 
fied by the effect of the air ? 

Bmify, (The air forces bodies which are lighter than itself to 
asc^id ;) those that are of an equal weight will remain stationary 
in it ^ and those that are heavier will descend tHrough it6but the 
air will have some effect on these last ; for if they are not much 
heavier, they will with difliculty overcome the resistance they 
meet with in passing through it, they will be borne up by it, and 
&eir fall will be more or less retaraed. 

Mrs. R. Very well. Observe how slowly this light feather 
fiills to the ground, while a heavier body, like ^s marble, over* 

21. How would you iUustrate this by the floating of a piece of paper on wa- 
t^ I 22. Does smoke rise to a great height in the air, and if not, what prevents 
its so doing ? 23. What limits the height to which vapours rise ? 24. Of 
what does smoke consist? 25. Air baUoons are formed of heavy materials, 
how will you account for their rising in the air f 26. What influence doet 
the air exert, on bodies less dense than itself, on those of equal, and oa those 
of greater density i 
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cmneB the resistance which the air makes to its descent much 
more easily, and. its fall is proportionally more rapid. I now 
throw a pebble into this tub of water ; it does not reach the bot- 
tom near so soon as if there were no water in the tub, because it 
.meets with resistance from the water. Suppose that we could 
emptj the tub, not only of water, but of air also, the pebble would 
then fall quicker still, as it would in that case meet with no 
resistance at all to counteract its gravity. 

Thus you see that it is not the different degrees of gravity, 
but the resistance of the air, which prevents bodies of (ufferent 
wei^t from falling with equal velocities ; if the air did not bear 
up Sie feather, it would reach the ^ound as soon as the marble. 

Caroline. I make no doubt that it is so; and yet I do not feel 
quite satisfied. I wish there was any place void of air, in which 
uie experiment could be made. 

Mrs. B, If that proof will satisfy your doubts, I can give it 
you. Here is a machine called an air pump^ (fig. 2. pi. 1.) by 
means of which the air may be expelleci from any close vessel 
which is placed over this opening, throu^ which the air is pump- 
ed out. Glasses of various shapes, usually called receivers, are 
employed for this purpose. We shall now exhaust the air from 
this tall receiver whicti is placed over the (^ning, and we shall 
find that bodies within it, whatever their weight or size, will fall 
from the top to the bottom in the same space of time. 

Caroline. Oh, I shall be delighted witli this experiment; what 
a curious machine! how can you put the two bodies of different 
weight within the ^ass, without aamitting the air ? 

Mrs. B. A £nmea and a feather are already placed there for 
the purpose of the experiment : here is, you see, a contrivance to 
( fasten tnem in the upper part of the ^ass ; as soon as the air is 
Pimped out, I shall turn ^is little screw, by which means the 
brass plates which support them will be removed, and the two 
bodies will falL-VNow I believe I have pretty well exhausted 
the air. 

Caroline. Vraj let me turn the screw. — I declare, they both 
reached the bottom at the same instant ! Did you see, Emuy, the 
feather appeared as heavy as the guinea ? 

jEmily. Exactly; and fell just as quickly. How wonderful 
this is .''^ what a number of entertaining experiments might be 
made with this machine ! 

Mrs. B. No doubt there are a great many; but we shall 
reserve them to elucidate the subjects to which they relate : if I 
had not explained to you why the guinea and the feather fell 

27. If the ttir oould be entirely removed, what influenoe Would tbifl bava 
upon the fiaiing of heayy and l%ht bodiea ? 28. How oould this be esenqdi* 
fied by »MUM ^th# air puB^? 
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with equal velocitjy jou would not have been so well pleased 
with the experiment. 

Emily. I should have been as much surprised, but not so 
much interested; besides, experiments help to imprint on the 
memory the facts tbej are intended to illustrate ; it will be bet- 
ter therefore for us to restrain our curiosity, and wait for other 
experiments in their proper places. 

Caroline. Pray by what means is tliis receiver exhausted of 
its air ? 

Mrs. B. You must learn something of mechanics in order to 
understand the construction of a pump. At our next meeting, 
therefore, I shall endeavour to make you acquainted with the 
laws of motion, as an introduction to that subject. 
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ON THE LAWS OF MOTION. 

eF MOTION.— OF THE Il^ERTIA OF BODIES.^F FORCE TO PRODITCS MO 
TIOV.^-DIRECTION OF MOTION. — ^VEI^odlTT, ABSOLUTS AND RELATIVE. 
— UNIFORM MOTION. — RETARDED MOTION. — ^ACCELERATED MOTION. — 
VBLOCITT OF FALLING BODIES. — MOMENTUM. — ^ACTION AND REACTION 
EaUAL. — ^ELASTICITY OF BODIES. — POROSITY OF BODIES. — REFLECTED 
MOTION. — ^ANGLES OF INCIDENCE AND REFLECTION. 
*^ 
MRS* B* 

The science of mechanics is founded ^on the laws of motion^ 
it will therefore be necessary to make you acquainted with these 
laws before we examine the mechanical powers. Tell me, Caro- 
line, what do you understand by the word motion ? 

Caroline. I think 1 understand it perfectly, though I am at a 
loss to describe it. Motion is the act of moving about, of going 
from one place to another, it is the contrary of remaining at rest 

Mrs. B. Very welU Motion then consists /in a change of 
place y a body is in motion whenever it is changing its situation 
with regard to a fixed point. 

Now since we have observed that one of the general prop«rties 
of bodies is inertia, that is, \an entire passiveness, either with 

1. On what is the science of medumics founded ? 2. In what does motiQii 
coDsisi? 
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re^^d to motion or rest jit follows that a body cannot move 
without being put into motion ; the power which puts a body into 
motion is caliedj^orce/] thus the strolce of the hammer is the force 
which drives the nail ;^he pulling of the horse that which draws 
the carriage,) &c. Force thpn is the cause which produces motion. 

Emily, And may we not say that gravity is the force which 
occasions the fall of bodies ? 

Mrs, B. Undoubtedly. I have given you the most familiar 
illustrations in order to render the explanation clear; but since 
you seek for more scientific examples, you may sajf that cohesion 
IS the force which binds the particles of bodies together, and heat 
that which drives them asunder. ^J 

The motion of a body acted upon by a single force, is alwavs 
(jn a straight line,'jand in the direction in which it received the 
impulse. 

Caroline. That is very natural ; for^as the body is inert, and 
can move only because it is impelled, it will move only in the 
direction in which it is impelled.^ The degree of quickness with 
which it moves, must, I suppose, also depend upon the degree of 
force with which it is impelled. 

Mrs. B. Yes ; (the rate at which a body moves, or the short- 
ness of the time wnich it takes to move from one place to another, 
is called its velocity J> and it is one of the laws of motion, that 
the velocity of the moving body is proportionalt, to the force by 
which it is put in motion. < We must distinguish between abso- 
lute and relative velocity. 

The velocity of a body is called absolicie^ M we consider the 
motion of the body in space, without any reference to that of 
other bodies. > When, for instance, a horse goes fifty miles in 
ten hours, his velocity is five miles an hour. 

The velocity of a body is termed refo^ti;c,i when compared with 
that of another body which is itself in motion.j For instance, if 
one man walks at tne rate of a mile an hour, and another at the 
rate of two miles an hour, the relative velocity of the latter is 
double that of the former ;, but the absolute velocity of the one is 
one mile, and that of the o1;her two miles an hour. 

Emily. Let me see if I understand it — The relative velocity 
of a body is the degree of rapidity of its motion compared with 
that of another body; thus n one ship sail three times as far as 
another ship in the same space of.time, the velocity of the former 
is equal to three times that of the latter. 

3. What is Hie consequence of inertia on a body at rest? 4. What do we 
call that which produces motion ? 5. Give some examples. 6. What may 
we say of gravity, of cohesion, and of heat, as forces ? 7. How will a body 
more, if acted on by a single force ? 8. What is the reason of this ? 9. What 
do we intend by the term velocity, and to what is it proportional ? 10. Ve- 
locity is divided into absolute and relative; what is meant by absolute velo- 
city? 11. How is relative velocity distinguished? 
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MfB^ B. The general rule may be expressed thus : the vela- 
city of a body is measured t by the space over which it moves/ 
divided byithe time which it employs in that motion 5 thus if you 
travel one hundred miles in twenty hours, what is your velocity 
in each hour P 

Emily. . I must divide tlie space, which is one hundred miles, 
hy the time, which is twenty hours, and the answer will be five 
miles an hour. Then, Mrs. B., may we not reverse this rule, and 
say that the time is equal to the space divided by the velocity; 
since the space, one hundred miles, divided by the velocity, five 
miles per hour, gives twentv hours for the time ? 

Mrs. B, Certainly; and we may sa;5r alsot^that the space is 
equal to the velocity multiplied by the time. Can you tell me, 
Caroline, how mjmy miles you will have travelled, if your velo- 
city is three miles an hour, and you travel six hours ? 

Caroline. Sixteen miles; for the product of 3 multiplied by 
6, is 18. 

Mtm. B, I suppose that you understand what is meant by the 
terms imiforTn, accelerated and retarded moijKm. 

Emily, I conceive uniform motion to be that of a body whose 
nnotioB IS regular, and at an equal rate throu^out ; for instance, 
a horse that goes an equal number of miles every hour. But the 
hand of a watch is a much better example, as its motion is so 
regnilar as to indicate the time. 

Mrs. S. You have a right idea of uniform motion; but it 
would be more correctly expressed by saying, that the motion of 
a body is uniform when it passes over equal spaces in equal 
times. Uniform motion is produced by a rorce having acted on 
a body once and having ceased to act ; as, for instance, the stroke 
of a bat on a ball. 

CarolinB. But the motion of a ball is not uniform; its velocity 
gradually diminishes till it falls to the ground. 

2^s. jB. Recollect that the ball is inert, and has no more pow- 
er to stop, than to put itself in motion ; if it falls, therefore, it 
must be stof^d by some force superior to that by which it was 
projected, and which destroys its motion. 

CaroUne. And it is no doubt the force of gravity which coun- 
teracts and destroys that of projection ; but ifthere were no such 
power as gravity, would the bail never stop? 

Mr9. B.^ If neither gravity nor any other fcHxe, such as the 
resistatfce of the aiiy opposed its motion, the ball, or even a stone 
thrown by the hand, would [H'oceed onwards in a right line, and 
with a uniform velocity for ever. 

12. How do we measure the velocity of a body ? 13. The time ^ 14. The 
space ? 15. What is uniform motion ? and give an example. 16. How is 
uniform motion produced ? 17. A ball struck by a bat gradually loses its 
motion; what causes produce this eflfect? 
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CaroHne, Tou astonish me ! I thought that it was impossible 
to produce perpetual motion? 

Mrs. B, Perpetual motion cannot be produced by art, be- 
cause gi-avity ultimately destroys all motion that human power 
can produce. 

Emily. But independently of the force of gravity, I cannot 
conceive that the little motion I am capable of giving to a stone 
would put it in motion for ever. 

Mrs. B, The ouantitjr of motion you communicate to the 
stone would notinnuence its duration; if you threw it with little 
^ force it would move slowly, for its velocity you must remember, 
-will be proportional to the force with which it is projected ; but 
if there is nothing; to obstruct its passage/it will continue to«M>ve 
ivith the same velocity, and iti me same' direction as when you 
first projected it. ^ 

Caroline. This appears to me quite incomprehensible ; we do 
not meet with a single instance of it in nature. 

Mrs. B. I beg your pardon. When you come to study the 
motion of the celestial bodies, you will find that nature abounds 
with examples of perpetual motion; and that it conduces as much 
to the harmony ot the system of the universe, as the prevalence 
of it on the surface of the earth, would to the destruction of 
all our comforts. The wisdom of Providence has therefore or- 
dained insurmountable obstacles to perpetual motion here below; 
and though these obstacles often compel us to contend with great 
dif&culties, yet these appear necessary to that order, regufirity 
and repose, so essential to the preservation of all the various 
beings of which this worid is composed. 

Now can you tell me what is retarded motion? 

Caroline. Retarded motion is that of a body which moves every 
moment slower and slower) thus when I am tired with walking 
fast, I slacken my pace y or when a stone is thrown upwards, its 
velocity is gradual^ diminished by the power of gravity. 

Mrs. B. Retarded motion is produced by some force acting 
upon the body in a direction opposite to that which first put it in 
motion : you who are an animated beii^, endowed with power 
and will, may slacken your pace, or stop to rest when you are 
tired ; but inert matter is incapable of any feeling of fatigue, can 
never slacken its pace, and never stop, unless retarded or arrest- 
ed in its course by some opposing force; and as it is the laws of 
inert bodies of wmch mechanical philosophy treats, I prefer your 

18. If gravity did not draw a projected body towards the earth, and the 
resistance of the air were removed, what would be the consequence f 19. In 
this case would not a great degree of force be required to produce a continued 
motion? 20. What is retarded motion ? 21. Give some examples. 
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illustration of the stone retarded in its ascent. Now Emily, it is 
your turn; what is accelerated motion? 

Emily, r Accelerated motion, I suppose, takes place when the 
velocity of a body is increased^ if you had not objected to our 
giving such active bodies as ourselves as examples, I should say 
that my motion is accelerated if I change my pace from walking 
to running. I cannot think of any instance of accelerated motion 
in inanimate bodies ; all motion of inert matter seems to be re- 
tarded by gravity. 

Mrs, jB, Not in all cases ; for the power of gravitation some- 
times produces accelerated motion; for instance,(a stone falling 
from a height, moves with a regularly accelerated motion. ^ 

JSmily, True; because the nearer it approaches the earth, the 
more it is attracted by it. 

Mrs. B. You have mistaken the cause of its accelerated 
motion; for though it is true that the force of gravity increases 
as a body approaches the earth, the difference is so trifling at any 
small distance from its surface, as not to be perceptible. 

Accelerated motion is produced when the force which put a 
body in motion, continues to act upon it during its motion, so that 
its velocity is continually increased. \ When a stone falls from a 
height, the impulse whicn it receives from gravitation in the first 
instant of its fall, would be sufficient to bring it to the ground 
with a uniform velocity^ for, as we have observed, a body having 
been once acted upon by a force, will continue to move with a 
uniform velocity; but the stone is not acted upon by gravity 
merely at the first instant of its fall ; this power continues to im- 
pel it during the whole time of its descent, and it is this continu- 
ed impulse which accelerates its motion. 

Emily. I do not quite understand that. 

Mrs, B. Let us suppose that the instant after yt)u have let a 
stone fall from a high tower, the force of gravity were annihilated ; 
the body would nevertheless continue to move downwards, for 
it would have received a first impulse from gravity; and a body 
once put in motion will not stop unless it meets with some ob- 
stacle to impede its course ; in this case its velocity would be 
uniform, for though there would oe no obstacle to obstruct its 
descent, there would be no force to accelerate it. 

Emily. That is very clear. 

Mrs. B. Then you have only to add the power of gravity con- 
stantly acting on the stone during its descent, and it will not he 
difficult to understand that its motion will become accelerated, 
since the gravity which acts on the stone at the very first instant 
of its descent, will continue in force every instant, till it reaches 

22. What is accelerated motion? 33. Give an example. 24. Explain 
the mode in whidi gravity operate* in producing this effect. 
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the ground.- Let us suppose that the impulse given by grayity 
to the stone during the first instant of its descent, be equal to 
one; the next instant we shall find that an additional impulse 
gives the stone an additional velocity, equal to one; so that the 
accumulated velocity is now equal to two ; the following instant 
another impulse increases the velocity to three, and so on till the 
stone reaches the ground. 

Caroline. Now I understand it ; the effects of preceding im- 
pulses continue, whilst gravity constantly adds new ones, and 
thus the velocity is perpetually increased. 

Mrs, B, Yes ; it has been ascertained, both by experiment, and 
calculations which it would be too difficult for us to enter into, 
that heavy bodies near the surface of the earth, descending from 
a height by the force of gravity, fall^'^sixteen feerjhe first second 
of time, three times that distance m the next, five times in the 
tliird second, seven times in the fourth, and so on, regularly in- 
creasing their velocities^n the proportion of the odd numbers 1, 
3, 5, 7, 9,\&c. according to the number of seconds during which 
the body nas been falling. 

Emily, If you throw a stone perpendicularly upwards, is it 
not the same length of time in ascending, that it is in descending? 

Mrs, B. Exactly ; in ascending, the velocity is diminished by 
the force of gravity; in descending, it is accelerated by it. 

Caroline, I should then imagine that it would fall, quicker than 
it rose? 

Mrs, B, You must recollect that the force with which it is pro- 
jected, must be taken into the account ; and that this force is 
overcome and destroyed by gravity, before the body b^ns to 
fall. 

Caroline, But the force of projection given to a stone in throw- 
ing it upwards, cannot always be equal to the force of gravity in 
bnngine it down again ; for the force of gravity is always the 
same, whilst the degree of impulse .^ven to the stone is optional; 
I may throw it up gently, or with violence. 

Jms, B, If you throw it gently, it will not rise high; perhaps 
only sixteen feet, in which case it will fall in one second of time. 
Now it is proved by experiment/that an impulse requisite to 
►roject a body sixteen feet upwards, will make it ascend that 
eight in one second ; here then the times of the ascent and de* 
scent are equaF? } But supposing it be required to throw a stone 
twice that height, the force must be proportionally greater. 

You see then, that the impulse of projection in tkrowine a body 
upwards, is always equal to the action of the force of gravity 

,25. What number of feet will a heavy body descend in the first second of 
its fell, and at what rate will its velocity increase ? 26. What is the differ- 
ence in the time <^ the ascent and descent, of a stone, or o^r body thrown 
upwards? 27. By what reasoning is it proved that there is no diiSerenoef 

Digitized by VjOOQ IC 



e; 



d8 ON THE LAWS 01 MOTION* 

duHng its descent ; and that whether the body rises to a greater 
or less distance, these two forces balance each other. , 

I must now explain to you what is meant by the momentum 
of bodies. ( It is the force, or power, with which a body in mo- 
tion, strikes a|;ainst another body.^ The momentum of a body is 
the product oi its quantity of matter^ multiplied by its quantity 
of motion; in other words, its weight multiplied by its velocity.) 

Caroline, The quicker a body moves, the greater, no doubt; 
must be the force which it would strike against another body. 

Emity. Therefore a light body may have a greater motl^en- 
tum than a heavier one/provided its velocity be sufficiently in- 
creasedl for instance, the momentum of an arrow shot from a 
bow. must be greater than that of a stone thrown by the hand. 

Caroline, We know also by experience, that me heavier a ^ 
body is, the greater is its force ; it is not therefore difficult to 
understand, that the whole power, or momentum of a body, must 
be composed of these two properties, its weight and its velocity: 
but I do not understand wby^they should be multiplied^ the one 
by the other ; I should have supposed that the quantity of mat- 
ter, should have been added to the quantity of motion ? 

Mrs, B, ( It is found by experiment, that if the weight of a 
body is represented by the number 3, and its velocity dso by 3, 
its momentum will be represented bj 9, not by 6, as would, be 
the case, were these figures added, instead of oeing multiplied 
together.^ 

Emily. I think that I now understand the reason of this ; if 
the quantity of matter is increased three-fold, it must require 
three times the force to move it with the same velocity; and then 
if we wish to give it three times the velocity, it will again require 
three times the force to produce that effect, which is tlunee times 
three, or nine; which number therefore, ^ would represent the 
momentum. 

CaroHne, I am not quite sure that I fully comprehend what 
is intended, when weight, and velocity, are represented by num- 
bers alone ; I am so used to measure space by yards andf miles, 
and weight by pounds and ounces, that I still want to associate 
them together in my mind. 

Mrs* B. This difficulty will be of very short duration : you 
have only to be careful, that when you represent weights and 
yeiocities by numbers, the denominations or values of the weights 
and spaces, must not be changed. Thus, if we estimate the weight 
of one body in ounces, the weight of others with which it is com- 
pared, must be estimated in ounces, and not in pounds ; and in 

28. What i8 meant by the momentum of a body ? 29. How do we ascertain 
the momentum ? 30. How may a light body have a greater momentum than 
one which is heavier ? 31. Why must we multiply the weight and vel^ --ity 
together in order to find the momentum ^ 
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Hke maBner, in comparing velocities, we must throu^umt, pre- 
serve the same standards both of space and of time ; as for in- 
stance, the number of feet in one second, or of miles in one hour. 

Caroline. I now understand it perfectly, and think that I 
shall never forget a thing which you have rendered so clear. 

Airs. B. I recommend it to you to be very careful to remem- 
ber the definition of the momentum of bodie8,\a8 it is\one of the 
most important points in mechanics \ you will nnd that it is from 
opposing velocity, to quantity of matter, that machines derive 
their powers. 

The reaction of bodies, is the next law of motion which I must 
explain to you. pVhen a body in motion strikes against another 
body, it meets with resistance from it j the resistasce of the body 
at rest will be equal to the blow struck by the body in motion; 
or to express myself in philosophical language^' action and reaction 
will be equal, and in opposite directions.) 

CaroUne. Do you mean to say, that the action of tiie body 
which strikes, is returned with equal farce by the body wMch 
receives the blow ? 

Mrs. B. Exactly. 

Caroline. But if a man strike another on the face with his 
fist, he surely does not receive as much pain by' the reaction, as 
he inflicts by the blow ? 

Mrs. B. No ; but this is simply owing to the knuckles, having 
much less feeling than the face. 

/Here are two ivory balls suspen<^ed by threads, (plate 1. fig. 
3.) draw one of them, A^ a little on one side, — ^now let it go ;— 
it strikes, you see, against the other ball B, and drives it off, to 
a distance equal to that through which the first ball fell f but the 
motion of A is 8|[^ned; because when it struck B, it received in 
return a blow equal to th^t it gave, and its motion was conse- 
quently destroyed. 

Emily. I should have s\]pposed, that the motion of the ball 
A was destroyed, because it hati communicated all its motion to B. 

Mrs, B. It is perfectly true, that when one body strikes 
against another, the quantity of motion communicated to the 
second body, is lost by the first ; but this loss proceeds from the 
reaction of the body which is struck. 

Here are six ivoiy balls hanging in a rowi (%• 4.J draw the 
first out of the perpendicular, and let it fall against the second. 
You see none of the balls except the last, appear to move, 
this flies off as far as the first ball fell ; can you explain this ? 

. 32. When we represent weig^ht and velocity by numbers, what must we 
carefully observe ? 33. Why is it particularly important, *o understand the 
nature of momentum ? 34. What is meant by reaction, and what is the rule 
respecting it? 35. HoW is this exemplified by the ivory balls represented 
in plate 1. fig. 3? 
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Caroline. I believe so. When the first bdl struck the second, 
it received a blow in return, which destroyed its motion ; the 
second ball, though it did not appear to move, must have strucic 
against the third; the reaction of which set it at rest; the action 
of the third ball must have been destroyed by the reaction of the 
fourth, and so on till motion was communicated to the last ball, 
which, not being reacted upon, flies off.N 

Mr^. B, Very well explained. Observe, that it is only when 
bodied are elastic, sas these ivory balls are, and when their masses 
are equal, that the stroke returned is equal to the stroke given, and 
that the striking body loses all its motion. I will show you the differ- 
ence with these two balls of clay, (fig. 5.) which are not elastic; 
when you raise one of these, D, out of the perpendicular, and let 
it fall against the other, E, the reaction of the latter, oa account 
of its not being elastic, is not sufficient to destroy #^ motion of 
the former;. only part of the motion of D will be communicated 
to E, and the two balls will move on together to d and c, which 
is not so great a distance as liiat through which D fell. 

Observe how useful reaction is in nature. ' Birds in flying 
strike the air with their vnngs, and it is the reaction of the air, 
which enables them to rise, or advance forwards > reaction being 
always in a contrary direction to action. 

Caroline, I thought that birds misht be lighter than the air, 
when their vtrings were expanded, and were by that means ena- 
bled to fly. 

Mrs. 6, When their wings are spread, this does not alter 
their weight, but they are better supported by the air, as they 
cover a greater extent of surface ; yet they are still much too 
heavy to remain in that situation, without continually flappk^ 
their wings,)as you may have noticed when birds hover over their 
nests : the/force with which their win^ strike against the air, 
must equat the weight of their bodies,\m order that the reaction 
of the air, may be able to support that weight; the bird will then 
remain stationary. If the stroke of the wings is greater than is 
required merely to support the bird,/ the reaction of the air will 
make it rise ; if it be less, it will gehtly descend ; and yon may 
have observed the lark, sometimes remaining with its wings ex- 
tended, but motionless; in this state it drops quietly into its 
nest. 

Caroline. This is indeed a beautiful effect of the law of reac- 
tion ! But if flying is mierely a mechanical operation, Mrs. B., 

36. Explain the manner in which the six balls represented in fig. 4, illas- 
trate this feet. 37. What must \>e the nature of bodies, in which the whole 
motion is communicated from one to the other f 38. What is the result if the 
balls are not elastic, and how is this explained by fig. 5 ? 39. How will 
reaction assist us in explaining the flight of a bird? 40. How must their 
wings operate in enabling them to remain stationary, to rise, and to descend ? 
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why should we not construct wings, adapted to the size ^ our 
bodies, fasten them to our shoulders, move tiiem with our arms, 
and soar into the air ? 

Mrs. B. Such an experiment has been repeatedly attempted, 
but never with success; and it is now consioered as totally im- 
practicable^he muscular power of birds, is incomparably greater 
in proportion to their weignt, than that of manY were we there- 
fore furnished with wings sufficiently large to enable us to fly, 
we should not have strength to put them in motion. 

In swimming, a similar action is produced on the water, to that 
on the air, in flying ; in rowing, also/ you strike the water with 
the oars, in a du-ection opposite to that in which the boat is re- 
quired to move, and^it is the reaction of the water on the oars 
which drives the boat alcmg. '^ 

EmUy. You said, that it was in elastic bodies only, that the 
whole motion of one body, would be communicated to another ; 
pray what bodies are elastic, besides the air? 

Mrs, B. In speaking of the air, I think we defined ^asticity'^ 
to be a propertyfby means of which bodies that are compressed, 
return to their former fetate. / If I bend this cane, as soon as I 
leave it at liberty, it recovers its former position) if I press my 
finger upon your arm, as soon as I remove it, the flesh, W virtue 
of its elasticity, rises and destroys the impression I made. Of 
all bodies, /the air is the most eminent for this property, and it 
has thence obtained the name of an elastic fluid. Hard bodies 
are in the next degree elastic; if tWo^ivorv,^or hardened (steel ) 
balls are struck together, the parts at which they touch, will be 
flattened; but their elasticity will make them instantaneously 
resume their former shape. ^ 

Caroline. But when two ivory balls strike against each other, 
as thev constantly do on a billiard table, no mark or impression 
is made fcy the stroke. 

Mrs. B. I beg your prdon; you cannot, it is true, perceive 
any mark/because^eir elasticity instantly destroys all trace of it. 

Soft bodies, which easily retain impressions, such as clay, wax, 
tallow, butter, &c. have very little elasticity; but of all descrip- 
tions of bodies, liquids are the least elastic. ' 

Emily. If sealing-wax were elastic, instead of retaining the 
impression of a seal, it would resume a smooth surfoce, as soon as 
the weight of the seal was removed. But pray what is it that 
produces the elasticity of bodies? 

Mrs. B. There is great diversity of opinion upon that point, 

41. Why cwmot a man fly by the aid of wings? 42. Hw does reaiJtioa 
operate in enabling us to swim, or to row a boat? 43. Whatoonstitutes elas- 
ticaty i 44. Give some examples. 45. What name is given to air, and for 
what reason? 46. What hard bodies are mentioned as elastic? 47. Do 
elastic bodies exhibit any indentaticm after a blow ? and why not^ 
D 2 
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and I camiot frretend to deeide which^ ofmroaclbs neftrevt to*^e 
tnrfe. Eiasticitj implies susceptifeilrty of compression, and ihe 
su9ceptibiliiy of compression depends upon the porosity of bo- 
dies ; fw were there no pores or spaces between the particles of 
matter of which a body is composed, it cohM not be com- 
{H*essed. 

Caroime. That is to ^, that if ihe particles of bodies were 
as close together as possible, they coald not be squeezed closer. 

Endly. jBodies then, whose imrticles are most distant from 
each other, must be most susceptible of compression, and conse- 
jnentiy most ekstic ; and this you say is the case with air^ which 
is ^Hiaps tile least dense of all bodies ? 

Mrs. B. You will not in general find this rule hold good ; for 
[ liquids have scarcely any elasticity, whilst hard bodies are emi- 
nent for this property, though the latter are certainly of much 
greater denedty than the former;>elasticityimplies, therefore, not 
only a susceptibHity of compression, but depends upon the power 
possessed by the body, of resifming its former state after com- 
IH'ession, in consequence of ^e peculiar arrangement oi its par- 
tides* . 

(hroime. But surdy ^re can be no pores in ivory and me- 
tals, Mrs* B.j how then can ^ey be susceptible of compression? 

Mrs. B. The pores of such bodies are invisible to tne naked 
eye, but you must not thence conclude that liiey have none; it 
is, on the contrary, well ascert^ned that gold, one of the most 
dense of all bodies,' is exti^mdy porous ;^ and that these pores are 
sufficiently large to admit water when strongly compressed, to 
pass through Ihem. THis was shown by a celebrated experiment 
made many years ago at Florence. 

JBmity. If water ^n mss through gold, there must certainly 
be pores or inters^ces which aMird it a passage; and if gold is 
so porous, what must oilier bodies be, whicli are so much less 
dense than gold ! 

Mrs. B. The chief ^flference in this respect, is I believe, 
that ^e pores in some bodies are larger than in others ; in coHc. 
sponge and bread, they form considerable cavities; in wood ana 
stone, when japt polidsed, they are generally perceptible to tiie 
mtkcd eye; wkilst in ivory, metals, and all varnisned and po- 
lished bodies, they eai^not be discerned. To give you an idea 
of the extreme porosi^ of bodies, sir Isaac Newton conjectured 
that if the earth were so compressed as to be absolutely without 
' pcures, its dimensions' mi^t posribly not be more than a cubic 
inch. 

48. What do we odnchide from eljatioity respecting the contact of the parti- 
cles of a bqdy ? 49. Are those bodies always the most elastic, which are the 
least dfense ? 50. Give examples to prove that this is not the cato. 51. All 
bodies are believed to be per oos, what is said on this subject re^pectingf gold ^ 
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Caiu^m* What an ideal Were we not imiebted to sir laaac 
Ne wtoo for the tiicor j of attraetioiv I skould be tempted to laogk 
at hm for flttch a suppoaition* What instgiiificant little crea- 
tures we should be ! 

Mrs^ B. If our consequence arose from ^e size of our bodies, 
we should indeed be^but pigmies, but remember that the nund of 
Newton was not circumscrioed bj <iie dimenstons of its envelc^. 

JEmUy, It is, however, fortunate that heat keeps the pores 
of matter ^^n and extended, and prevents the attraction of co- 
hesion from squeezing us into a nut-shell. 

- Mrs. B. Let us now return to the subject of reaction, on 
which we have some further obsen^tions to ibaJce. It is because 
reaction is in its directioii o]^Kisite to action, that tefleeted mo- 
lion is produced. If jou throw a ball against the wall, it re- 
bounds ; this return of the ball ris owin^ to the reaction of the 
wall against which it struck, and is calledr^re^ee^e^ motion, 

Emwf, And I now understand why balls nlled with air rebound 
better ihan those stuffed witii bran or wool ; air b^ng most suscepti- 
bly of compression and most elastic, the reaction is more complete. 

Caroline. I have dbserved that when I throw a ball straight 
against the wall, it returns straight to mv hand; bat if I throw 
it obliquely upwards, it rebounds still fairer,, and I catch it when 
it falls. 

Mrs. B, You should not say straight, but perpendicularly 
asainst the wall; for stra^ht is a senerai term for lines in all 
directions which are neither curved nor bent^ and is therefore 
equally ap{dicable to oblique or perpendicular lines. 

Caroline. 1 tbou^t that perpenoicularLy meant either direot'- 
ly upwards or downwards ? 

Mrs. B. In those dir^tbns linres are. perpendicular to the 
earth. ;A perpendicular line has alwaya a reference to some- 
thing towards which it is perpendicular; that is to say, that it 
inclines neither to the one side or the other, but makes an equal 
angle on every side.^ Do you understand what an angle is ? 

Caroline. Yes, I brieve so: itis tk« space containiMl beticeen 
two lines meeting in a point 

Mrs. B. WeU then, let the lin^ A B (plate 2. fig. 1.) repre* 
sent the floor of the mom, and ihfSk line C D that in wluch you 
throw a ball against it ;'the line C By you will observe, forms two 
an^es with the line A B, and those two angles are equal. ; 

£mily. How can the angles be eqisd, wUle the am% wfaieh 
compose tiiem are of unequ^ length? 

53. What eonjeetnve wms madeby air haae NcwtoiKFiipecttngp OMporMity 
cf bockiflB in general^ 53. If yon thmw an elastie body a|;ainit« wa^it wiU 
raboood; w^ is tfaia oeeanooed by, vid what is t^ tetytn^tatAksaeteShd^ 
54. What do wa lueaxi by a parpeoctieular line i 55. Whtt is an aa|^? 
56. What is tepreiented by %. 1. plate 2 ? 
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Mtb, B. An ai^le is not measured by the length of Ihe lines, 
but by thdr opening, or the space between them. 

EmUy, Yet the longer the lines are, the greater is tiie open- 
ing between them. . 

Mrs, B. Take a pair of compasses and draw a circle over 
these spaces, making the angular point the centre. 

JEmuy. To what extent must I open the compasses? 

Mrs, B, * You may draw the circle what size you please, pro- 
vided that it cuts the lines 6f %he angles we are to measure. ^ All 
circles, of whatever dimensions, are supposed to be divided into 
860 equal parts, called d^rees ; the opening of an angle, being 
therefore a portion of a circle, must contain a certain number of 
degrees : the larger the angle liie greater is the number of degrees, 
and two angles are said to be equal, when they contain an equal 
number of degrees. / 

Emily, I^w I understand it. As the dimension of an angle 
depends upon the number of degrees contained between its lines, 
it IS the o])ening, and not the length of its lines, which deter- 
mines the size of the angle. 

Mirs, B, Very well : now that you have a clear idea of the 
dimensions of angles, can you tell me how many degrees are 
contained in the two angles formed/ by one line falling perpen- 
dicularly on another, as in the figure I have just drawn r 

Emily, You must allow me to put one foot of the compasses 
at the point of the angles, and draw a circle round them, and 
then I think I shall be able to answer your question : the two 
angles are together just equal to half a circle, they contain there- 
fore 90 degrees each ; 90 degrees being a quarter of 360. 

Mrs. B, An angle of 90 degrees or one-fourth of a circle is 
called a right angle, and' when one line is perpendicular to an- 
other, and distant from its endsj^it forms, you see, (fig. 1.) a right 
ungle on either side. Angles containing more than 90 degrees 
are called obtuse angles, (fig. 9,,) and those containing less than 
90 degrees are called acute angles^ (fig. 3.) 

€laroline. The angles of this square tableware right angles, but 
those of the octagon table are obtuse angles ; and the angles of 
sharp pointed instruments are acute angles. 

Mrs. B. Very well. To return now to your observation, that 

57. Have the length of the lines which meet in a pointy any thing to do 
with the measurement of an angle? 58. What use can we make of com- 
passes in measuring an angle ? 59. Into what number of parts do we su^^se 
a whole circle divided, and what are these parts called? 60. When are two 
angles said to be equal ? 61. Upon what does the dimension of an angle de- 
pend ? 62. What number of degrees, and what portion of a circle is there 
in a right angU ? 63. How must one line be situated on another to form two 
right angles ?- (fig. 1.) 64. Figure 2 represents an angle of more than 90 de- 
grees, what is that called I 65. What are those of leas than 90 degrees called 
as in fig. 3 ? 
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if a ball is thrown obliquely against the wall, it will not rebound 
(in the same direction jk tell me, have you ever played at billiards? 

Caroline, Yes, freouently; and l have observed that when I 
push the ball perpenaicularly against the cushion, it returns in 
the same direction ; but when I. send it obliquely to the cushion^ 
it rebounds obliquely, but on an opposite side ; the ball in this 
latter case descrioes an angle, the point of which is at the cushion. 
I have observed too, that the more obliquely the ball is struck 
a^inst the cushion)|ihe more^pbliquely it immadiilon the oppo- 
site side^ so that a bdliard player can calculate witn great accu- 
racy in what direction it wul return. 

Mr§. B. Very well, fthis figure (fig. 4. plate 2.) represents 
a billiard table ; now if you draw a line A B from the point 
where the ball A strikes perpendicular to the cushion, you will 
find that it will divide the angle which the ball describes into 
two parts, or two angles ; the one will show the obliquity of the 
direction of the ball m its passage towards the cushion, the other 
its obliquity in its passaee back from the cushion. ^ The first is 
called ih^ angle of incidence^ the other the an^le of reflection; 
and these angles are always equal, if the bodies are perfectly 
elastic. 

Caroline. This then is the reason whj, when I throw a ball 
obliquely &^nst the wall, it rebounds in an o;mosite oblique 
direction, forming eaual angles of incidence and of reflection. 

Mrs. B. Certainly ; andyou will find that the more obliquely 
you throw the ball, the more obliquely it will rebound. 

We must now conclude ; but I shaft have some fiirther obser- 
vations to make upon the laws of motion, at our next meeting. 

66. If you make an elastic ball strike a body at right angles, how wiU it re- 
turn ? 67. How if it strikes obliquely ? 68. Explain by %. 4 what is meant 
by the angles of incidence and of reflection. 
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CONVERSATION IV. 



ON COMPOUND MOTION. 

COMrOVHO MOTIOlf , THK RXSVLT OF TWO 0PP08ITB FORCXS.— OF CURVI- 

UNEAR MOTIOir, THE RESULT OF TWO FORCES. CENTRE OF MOTIOIT, 

THE POtifT AT REST WHILE THE OTHER PARTS OF THE BODY MOVE 
ROITND IT.— CENTRE OF MAGITITVBE, THE MIDDLE OF A BODY.— CEN* 
TRIFSTAL FORCE, TKAT WHICH IMPELS A BODY TOWARDS A FIXED 
CENTRAL POINT.— CENTRIFUGAL FORCE, THAT WHICH IMPELS A BODY 
TO FLY FROM THE CENTRE. — FALL OF BODIES IN A PARABOLA.— CEN- 
TRE OF GRAVITY, THE POINT ABOUT WHICH THE PARTS BALANCE* 
EACH OTHER. 

MRS. B. 

I MUST now explain to you the nature of compound motion. 
Let us suppose a body to be struck by two equal ibrces in oppo- 
site directions, how will it move ? 

Emily, If the forces are equal^ and their directions are in 
exact opposition to each other, I suppose 'the body would not 
move at all. ^ '" 

Mrs. B, You are perfectljr ri^t; but suppose the forces 
instead of acting upon tne body in direct opposition to each other, 
were to move in lines forming an angle of ninety degrees, as the 
lines YA, XA, (fig. 5. plate 2.) and were to strike the ball A, 
at the same instant ; would it not move ? 

Emily, The force X alone, would send it towards B, and the 
force Y towards C ; and since these forces are equal, I do not 
know how the body can obey one impulse rather than the other; 
and yet I think the ball would move, because as the two forces 
do not act in direct opposition, they cannot entirely destroy the 
effect of each other. 

Mrs, B. Very true ; the ball therefore will not follow the di- 
rection of either of the forces, but ^ill move in a line between 
them, and will reach D in the same space of time, that the force 
X would have sent it to B, and the force Y would have sent it 
to C. Now if you draw two lines, one from B, parallel to A C^ 
and the otha- from C, parallel to A B, they will meet in D, and 

1. If a body b^ struck by two equal forces in opposite directions, what will 
be the result? 2. What is fig. 5. plate 2. intended to represent f 



y Google 



OK OOMPOtTND. MOTION. . 4St 

jott wiU fotm a scj^uare ;)1theH)blique line which &e body describesi 
IS called the diagonal oT the square. 

Caroline, That is very clear, hut supposing the two forces to 
be unequal, that the force X, for instance, be twice as great as 
the force Y ? 

Mrs. B. Then^the force X, would drive the ball twice as far 
as the force Y, consequently you must draw the line A B (fig. 6.) 
twice as long as the line A C, the body will in liiis case move to 
D ;^nd if you draw lines from the points B and C, exactly as 
directed in the last example, they will meet in D, and you will 
find that the ball has moved in the^ diagonal of a rectangle.^ 

Emih/. Allow me to put another case. Suppose the two 
forces are unequal, but do not act on the ball in tne direction of 
a right angle, but in that of an acute angle, what will result ? 

Mrs, B. Prolong the lines in the directions of the two forces, 
and you will soon discover which way the ball will be impelled ;- it 
will move from A to D, in the diagonal of a parallelogram^fig. 7.) 
Forces acting in the direction of lines forming an obtuse an^e, 
will also produce motion in the di^nal of a parallelogram. For 
instance, if the body set out from fi, instead of A, and was im- 
pelled by the forces X and Y, it would move in the dotted dia- 
gonal B C. 

We may now proceed to curvilinear motion: thid is the result 
of two forces acting on a body;/by one of which, it is pro^ted 
forward in a right line; whilst bj the other, it is chrawn or impel- 
led towards a Sxed point.^ For instance, |vhen I whirl this ball, 
which is fastened to my hand with a string, the ball moves in a 
circular direction, because it is acted on by two forces^ that 
which I give it, which represents the force of projection, and 
that of the string which confines it to my hand. If, during its 
motion you were suddenly to cut the string, the ball woulcT fly 
off in a straight line ; being released from that confinement which 
caused it to move round a fixed point, it would be acted on bj 
one force only; and motion produced by one force, you know, is 
always in a right line. 

Caroline. This circular motion, is a little more difficult to 
comprehend than compound motion in straight lines. 

Mrs. B. You have seen how ^e water is thrown off from a 
^ndstone, when turned rapidly round ; the particles of the stone 
itself have the same tendency, and would also fly off^ was not 
their attraction of cohesion, greater than that of water. And indeed 

3. How would the ball move, and how would you represent tiie direction 
of its motion? 4. What is supposed respecting the forces represented in %. 
6? 5. How would the body move if so impelled? 6. If the forces are une- 
qual arid not at right angles, how would the body move, as illustrated by 
fig. 7 ? 7. How must a body be acted on, to produce motion in a cur?e, 
aud what example is given ? 
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it sometimes happens, that large grindstones fly to pieces from 
the rapidity of tneir motion. 

Errwy, In the same way, the rim and spokes, of a wheel) 
when in rapid motion, would be driven straight forwards in & 
right line, were thej not confined to a fixed point, round which 
they are compelled to move. 

Mrs. B. Very well. You must now leam to distinguish be- 
tween what is cafled the centre of motion, and the cucis of motion; 
the former being considered as a point, the latter as a line, 
t When a body, like the ball at the end of the string, revolves 
in a circle,^the centre of the circle is called the centre of its 
motion, and the body is said to revolve in a plane; because aline 
extended from the revolving body, to the centre of motion, would 
describe a plane, or flat surface. 

When a body revolves round itself, as a ball suspended by a 
string, and made to spin round, or a top spinning on the floor, 
whilst it remains on tne same spot ; this revolution is round an 
imaginary line passing through tne body, and this line is called 
its axis of motion. 

CaroUne. The axle of a grindstone, is then the axis of its 
motion ; but is the centre of motion always in the middle of a 
body? 

Mrs, B, No, not always. The middle point of a body, is 
called its^entre of ma^itude, or position.""/ that is, the centre of 
its mass or bulk. Bodies have also another centre, called the 
centre of gravity, which I shall explain to you ; but at present 
we must confine ourselves to the axis of motion. ^ This line you 
must observe remains at rest, whilst all the other parts of the 
body move around it;^when you spin a top, the axis is stationary, 
whilst every other pari is in motion round it.^ 

Caroline. But a top generally has a motion forwards besides 
its spinning motion ; and then no point within it can be at rest ? 

Mrs. B. What I say of the axis of motion, relates only to 
circular motion ; that is to say, motion round a line, and not to 
that which a body may have at the same time in any other di-' 
rection. There is one circumstance to which you must carefully 
attend; namely, that the further any part of a body is from the 
axis of motion, the greater is its velocity: as you approach that 
line, the velocity oi the parts gradually diminish till you reach 
the axis of motion, which is pertectly at rest 

Caroline. But, if every part of the same body did not move 

8. When is a body said to revolve in a plane, and what is meant hj the 
oentre of motion f 9. What is intended by the axis of motion, and what are 
examples? 10. What is the middle point of a body called? 11. What is 
said of the axis of motion, whilst the body is revolving? 12. Wh^ a body 
revolves on an axis, do all its parts move with equal velocity ? 
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with the same velocity, that part which moved ^uicke^t, must be 
separated from the rest of the body, and leave it behind? 

Mrs. B. You perplex yourself by confounding the idea of 
circular motion, with that of motion ia a right line ; you must 
think only of the motion of a body round a fixed line, and you 
will find, that if the parts farthest from the centre had not the 
greatest velocity, those parts would not be able to keep up with 
the rest of the body, and would be left behind. Do not the ex- 
tremities of the vanes of a windmill move over a much greater 
space, than the parts nearest the axis of motion ? (plate 3. fig. 1.) 
{^The three dotted circles represent the paths in which three differ- 
ent parts of the vanes move, and though the circles are of differ- 
ent dimensions, each of them is described in the same space 
of time. \ 

Caroline. Certainly they are; and I now only wonder, that 
we neither of us ever made the observation before : and the same 
effect must take place in a solid body, like the top in spinning ; 
the most bulging part of the surface must move with the greatest 
rapidity. m 

Mrs, B. The force which draws a body towards a centre, 
round which it moves, is called the^ccn^ripe/o/yorce; and that 
force, which impels a body to fly from tlie centre, is called the 
rcerUr&ugal^^orce; when a body revolves round a centre, these 
ft wo forces constantly balance each other ^ otherwise the revolv- 
ing body would eitner approach tlie centre or recede from it, 
according as the one or the other prevailed. 

Caroline. When I see any boay moving in a circle, I shall 
remetiber, that it is acted on by two forces. 

Mrs. B. Motion, either in a circle, an ellipsis, or any other 
curve-line, must be the result of the action of two forces ; for 
you know, that the impulse of one single force, always produces 
motion in a right line. 

Emily, And if any cause should destroy the centripetal force, 
the centrifugal force would alone impel the body, and it would^ 
I suppose, ny off in a straight line from the centre to which it 
had oeen confined. 

Mrs. B. f It would not fly off in a right line from the centre j 
but in a ri^t line in the direction in which it was moving, at the 
instant of its release ; if a^ stone, whirled round in a sling, ^ts 
loose at the point A, (plate 3. fig. 2.) it flies off in the direction 
A B ; this line is called a tangent, it touchea the circumference 

13. How is this explained by fig. 1. pUte 3 ? 14. What are the two forces 
called which cause a body to move in a curve \ and what proportion do these 
two forces bear to each other when a body revolves round a centre ? 15. If 
the centripetal force were destroyed, how would a body be carried by the 
centrifugal .^ 
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of tirt circle, and forms a right angle with a line drawn from 
that point of the circumference to the centre of the circle C. 

EmUy, You say, that motion in a curve -line, is owing to two 
forces acting upon a bodj ; but when I throw this ball in a hori- 
zontal direction, it descnbes a curve-line in falling; and jet it is 
onlj acted upon by the force of projection; there is no centripe- 
tal force to confine it, or produce compound motion. 

Mrs. B. A ball thus thrown, is acted upon bj no less than 
three forces ; the force of projection, which you communicate to 
it; the resistance of the air through which it passes, which dimi- 
nishes its velocity, without changing its direction ; and the force 
of gravity, which finally brings it to the ground. The power of 
gravity, and the resistance of the air, ifemg always greater than 
any force of projection we can give a body, the latter is gradu- 
ally overcome, and the body brought to the ground; but the 
stronger the projectile force, the longer will tli^e powers be in 
subduing it, and the further the body will go before it falls., 

Cktrehne. A shot fired from a cannon, for instance, will go 
much further, than a stone projected by the hand. 

Mrs. B. Bodies thus projected, you observe, describe a curve- 
line in their descent; can you account for that? 

Caroline, No; I do not understand why it should not fall in 
the diagonal of a square. 

Mrs, B. You must consider that the force of projection is 
strongest when the ball is first thrown; this force, as it proceeds, 
being weakened by the continued resistance of the air, the stone, 
therefore, begins by moving in a horizontal direction ; but as the 
stronger powers prevail, the direction of the ball will gradually 
change from a horizontal, to a perpendicular line. ^Proiection^^ 
alone, would drive the ball A, to B, ffig. 3.) gravity Vould bring 
it to C ; therefore, when acted on in different directions, by these 
two forces, it moves between, gradually inclining more and more 
to the force of gravity, in proportion as this accumulates; instead 
therefore of reaching the ground at D, as you suppose it would, 
it falls somewhere about E. ) 

Caroline, It is precisely ^so; look Emily, as I throw this ball 
directly upwards, how gravity and the resistance of the air con- 
auer projection. Now 1 will throw it upwards obliquely: see, 
^e force of projection enables it, for an instant, to act in oppo- 
sition to that of gravity ; but it is soon brought down again. 

i^rs. B, The curve-line which the ball naa described, is call- 
ed ill geometry a parabola; but when the ball is thrown perpen- 
dicularly upwards, it will descend perpendicularly^ because the 

16. Explain what is meant by a tangent^ as showa in fig. 2. plate 3. — 
17. What Ibrces inipedo a bo ly thrown horizontally? 18. Give the reason 
iv'hy a body so projected, falls in a curve, (fig. 3. plate 3.) 
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ON COMPOUND MOTION. 51 

force of projection, and that of gravity, are in the same line of 
direction. \ 
We have noticed the centres of magnitude, and of motion ; but 




actly 1 
/ body will not fall. | Do^ou understand this ? 

EmUy. I think^so; if the parts round about this point have 
an equal tendency to fidl, they will be in equilibrium, and as 
long as this point is supported, the body cannot fall. 

Mrs. B. Caroline, what would be the effect, were the body 
supported in ajay other single point ? 

Caroline. The surrounding parts no longer balancing eacJi 
other, the bodj, I suppose, would fall on the side at which the 
parts are heaviest. 

Mrs. B. Infallibly ; whenever the centre of gravity is unsup- 
ported, the body must fall. This sometimes happens with an 
overloaded wagon winding up a steep lull, o»e siae of the road 
being more elevated than the other; let us appose it to slope as 
is described in jkhis fieure, (plate 3. fig. 4. ) we will say, that tlie 
centre of gravity of mis loaded wagon is at the point A. Now 
your eye will tell you, that a wagon thus situated, will overset ; 
and the reason is, that the centre of gravity A, is not supported ; 
for if you draw a perpendicular line from it to the ground at C, 
it does not fall under the wagon within the wheels, and is there- 
fore not supported by them. 

Caroline. I understand that perfectiy; but what is the mean- 
ing of the other point B ? 

Mrs. B. Let us, in ima^Batioii take off the upper part of 
the load ; |he centre d* ^avity will then change its situation^ and 
descend to B, as that will now be the point about which the parts 
of the less heavily laden wagmi will balance each otiier. Will 
the wagon now be upset? 

Cardine. No, because a perpendicular line from that point 
falls within the wheels at Ii, and is suppoiied by them ; and 
when the centre oi gravity is supported, the body will not fall. 

Emily. Yet I should not much like to pass a wa^on in that 
situation, for, as you see, the pdnt D is hxk just within the left 
wheel ; if the ri^t wheel was raised, by merely passing over a 
stone, the point U would be thrown on the outside of the left 
wheel, and the wagon would upset. 

Caroline. A wagon, or any carriage whatever, will then be 

19. The curve in \vhich it falls, is not a part of a true circle : what is it de- 
nominated ? 20. What is the cerUre of gravity defined to be ? 21. What re- 
sults from supporting, or not supporting the centre of gravity? 22. What is 
intended to be explained by fig. 4. plate 3 ? 23. What would be the eflfect of 
taking off the upper portion of the load ? 

Digitized by VjOOQ iC 



52 ON COMPOUND MOTION. 

most firmly supported, Ivhen the centre of gravity falls exactly 
between the wfieels J^ana that is the case in a level road. 

Mrs, B, The cehtre of gravity of the human body,!^is a point 
somewhere in aline extending perpendicularly through the mid- 
dle of it, and as long as we stand upright, this point is supported 
by the ^^eii if you lean on one side, you will find that you no 
longer stana finn. A rope-dancer performs all his feats of agility, 
by dexterously/ supporting his centre of gravity; whenever he 
finds that he is in danser of losing his balance, he shifts the hea- 
vy pole which he holds in his nands, in order to throw the 
weight towards the side that is deficient; and thus by changing 
the situation of the centre of gravity, he restores his equilibnum. 

Caroline, When a stick is poised (m the tip of the finger, is 
it not by supporting its centre of gravity ? 

Mrs. B. Yes ; and it i^l,)>ecau9e the centre of gravity is not 
su pported^ that spherical bodies roll down a slope. A sphere be- 
ing perfectly round, can touch the slope but oy a sin^e point, 
and that point cannot be perpendicularly under the centre of 
gravity, and therefore cannot oe supported, as you will perceive 
by examining this figure, (fig. 5. plate 3.) 

Emily. So it appears : yet I have seen a cylinder of wood 
roll up a slope ; how is that contrived? 

Mrs. B. It is done by plugging or loading one side of the 
cylinder with lead, as at B, (fig. 5. plate 3.) the body beiing no 
longer of a uniform densitVy the centre of gravity is removed 
from the middle of the body to some point in or near the lead, 
as that substance is much heavier than wood; now you may ob- 
serve that should this cylinder roll down the plane, as it is here 
situated, the centre of gravity must rise, which is impossible ; 
the centre of gravity must always descend in moving, and will 
descend by the nearest and readiest means, which will be by 
forcing the cylinder up the slope, until the centre of gravity is 
supported, and then it stops. 

Caroline. The centre of gravity, therefore, is not always in 
the middle of a body. 

Mrs. B. No, that point we have called the centre? of magni- 
tude ; mhen the body is of an uniform density, and of a regular 
form, as a cube, or sphere, the centres of gravity and of magni- 
tude are in the same point ;}but when one part of the body is 
composed of heavier materials than another, the centre of gravity 
can no longer correspond with the centre of magnitude. Thus 

24. When wiU a carriage stand most firmly ? 25. What is said of the cen- 
tre of gravity of the human body, and how does a rope dancer preserve his 
'equilibrium ? 26. Why cannot a sphere remain at rest on an inclined plane f 
(fig. 5. plate 3.) 27. A cylinder of wood, may be made to rise to a small dia 
tonoe up aR inclined plane. How may this be effected ? (fig. 5. plate 3.) 
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you see the centre of gravity of this cylinder plugged with lead, 
cannot be in the same spot as the centre of magnitude. 

Emily bodies, therefore, consisting but of one kind of sub- 
stance, as wood, stone, or lead, and whose densities are conse- 
quently uniform, must stand more firmly, and be more difficult to 
overset, than bodies composed of a variety of substances, of dif- 
ferent densities, which may throw the centre of gravity on one 
side. 

Mrs, B. That depends upon the situation of the materials ; 
if those which are most dense, occupy the lower part-, the stabili- 
ty will be increased, as the centre of gravity will be near the 
base. But there is another circumstance which more materially 
affects the firmness of their position, and that is their form. 
Bodies that have a inarrow base "^re easily upset, for if they are 
a little inclined, their centre of gravity is no longer supported, 
as you may perceive in fig. 6. 

Caroline, I have often observed with what difficulty a person 
carries a single pail of water; it is owing, I suppose, to the cen- 
tre of gravity being thrown on one side; and the opposite arm is 
stretched out to endeavour to bring it back to its ooginal situa- 
tion; but a pail han^ng to each arm is carried with less difficulty, 
Ibecause/ they balance each other,ynd the centre of gravity re- 
mains supported by the feet. 

Mrs, B. Yexy well ; I have but one more remark to make on 
tlie centre of gravity, which is, that when two bodies are fastened 
together by an inflexible rod, they kre to be considered as form- 
ing but one body ; if the two bodies be of equal weight, the cen- 
tre of gravity wul be in the middle of the line which unites them, ) 
(fig. 7.) but if one be heavier than the other, the centre of gravity 
will be proportionally nearer the heavy body than the light one. 
f fig. 8.) If you were to carry a rod or pole with an equal weight 
fastened at each end of it, you would hold it in the middle of 
the rod, in order that the weights should balance each other; 
whilst if the weights were unequal, you would hold it nearest 
the greater weight, lo make them balance each other. 

£mily. And in both cases we should support tlie centre of 
gravity*; and if one weight be very considerably larger than the 
other, the centre of gravity will be thrown out of 9ie rod into 
the heaviest weight, ^(fig. 9.) 

Mrs. B. Undoubtealy. 

28. When do we find the centres of gravity, and of magnitude in different 
points? 29. What influence wiU the density of the parts of a body exert up- 
on its stability ? 30. What other circumstance materially affects the firmness 
of position? (fig. 6. plate 3.) 31. Why is it more easy to carry a weight in 
each hand, than in one only ? 32. What is said respecting two bodies united 
by an inflexible rod? 33. What is fig. 7, plate 3, intended to illustrate? 
What fig. 8; what fig. 9? 
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CONVERSATION V. 



ON THE MECHANICAL POWERS. 

OF THX POWER OF MACHIITES.t-OF THE LEVER IN GENERAL. — OF THK 
LEVER OF THE FIRST KIND, HAVING THE FULCRUM BETWEEN THS 
POWER AND THE WEIGHT. — OF THE LEVER OF THE SECOND KIND, 

HAVING THE WEIGHT BETWEEN THE POWER AND THE FULCRUM. 

OF THE LEVER OF THE THIRD KIND, HAVING THE POWER BETWEEN 
THE FULCRUM AND THE WEIGST. 

MRS. B. 

We may now proceed to examine the mechanical powers ; 
they are six in number : flThe lever^ the pulley^ the wheel and axle^ 
the inclined plane^ the wedge and the screiv ;^one or more of which 
enters into uie composition of every machine. 

A mechanical power is an instrument by which the effect of 
a given force is increased, whilst the force remains the same.'j 

In order to understand the power of a machine, there are four 
things to be considered. Ist^ The power that acts: this consists 
in the effort of men or j»)rses, of weights, springs, steam, &c. 

2dly. The resistance which is to be overcome by the power : 
this is generally a weight to be moved. The power must always 
be superior to the resistance, otherwise the machine could not De 
put in motion. 

Caroline. If for instance the resistance of a carria^ was 
greater than the strength of the horses employed to draw it, they 
would not be able to make it move. 

Mrs, B, 3dly. We are to consider the support or prop, or 
as it is termed in mechanics, the /w/crt/m; this yoa may recollect 
is the point upon which tlie body turns when in motion ; and 
lastly, the respective velocities of the power, and of the resist- 
ance. 

Emily. That must in general depend upon tlieir respective 
distances from the fulcrum, or from thtt axis of motion ; as we 
observed in the motion of the vanes of the windmill. 

Mrs. B, We shall now examine the power of the lever. The 

1. How many mechanical powers are there, and what are they named? 

2. What is a mechanical power defined to be ? 3. What four particulars 
must be obserred ? 4. Upon what wUl the velocities depend ? 
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\kver %8 €tn inflexible rod or bar^ moveable about a fulcrum^ and 
naving forces applied to two or more points on it, ' For instance, 
the steel rod to which these scales are suspended is a lever, and 
the point in which it is supportec^ the fulcrum, or centre of mo- 
tion ; now, can you tell me why the two scales are in equilibrium ? 

Caroline, seing both empty, and of the same weight, thej 
balance each other. 

EmUy. Or, more correctly speaking^'because the centre ot 
gravity common to both, is supported.) ^ 

Mrs. B, Very well ; and where is the centre of gravity rf 
this pair of scales ? (fig. 1. plate 4.) 

Emily. You have told us that when two bodies of equal 
weight were fastened together, the centre of gravity was in the 
micmle of the line that connected them; the centre of gravi^ of 
the scales must therefore be supported by the fulcrum F oi the 
lever which unites the two scales, and which is the centre of 
motion. 

Caroline, But if the scales contained different weights, the 

/^centre of gravity would no longer bS^n the fulcrum of the lever, 

but remove towards that scsue which contained the heaviest 

wd^t; and since that point would no longer be supported, the 

(^Yieayj scale would descend,tand out-weigh the other. 

Airs, B, True ; but ten me, can you imagine any mode by 
which bodies of different wei^ts can be made to balance each 
other, either in a pair of scales, or simply suspended to the ex- 
tremities of the lever? for the scales are not an essential part of 
the machine; they have no mechanical power, and are used merely 
for the convenience of containing the substance to be weighed. 

Caroline, What ! make a li^t body balance a heavy one ? I 
cannot conceive that possible. 

Mrs, B. The fulcrum of this pair of scales (fig. 2.) is movea- 
ble, you see ; I can take it off the oeam, and fasten it on again in 
another part ; this part is now become the fulcrum, but it is no 
longer in the centre of the lever. 

Caroline, And the scales are no longer true ; for that which 
hangs on the longest side of the lever descends. 

Mrs, B, ^he two parts of the lever divided by the fiilcrum, 
wre called its arms)) you should therefore say the longest arm, 
not the longest side of the lever. 

Your observation is true that the balance is now destroyed ; 
but it will answer the purpose of enabling you to comprenend 
the power of a lever, when the fulcrum is not in the centre. 

5. What is a lever ? 6. Give a familiar example. 7. When and why do 
the scales balance each other, and where is their centre of gravity? (fig. 1. 
plate 4.) 8. Wliy would they not balance with unequal weights ? 9. Were 
the fulcrum remove from the middle of the beam what would result? 
K). What do we mean by the arms of a lever? 
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JSmUy. This would be an excellent contrivance for those who 
cheat in the weight of their goods ; by making the fulcrum a lit- 
tle on one side, and placing the goods in the scale which is sus- 
pended to the longest arm of the lever, they would appear to 
weigh more than thej do in reality. 

Mrs. B. You do not consider now easily the fraud would be 
detected ; for on the scales beins emptied they would not hang 
in ecjuilibrium. If indeed the scale on the shorter arm was made 
heavier, so as to balance that on the longer, they would appear 
to be true, whilst they were really false. 

Emily. True ; I did not think of that circumstance. But I 
do not understand why the longest arm of the lever should not 
be in eouilibrium with the other ? 

Caroline. It is becau se the momentum in the lonsest, is greater 
than in the shortest arm; the centre of gravity, therefore, is no 
longer supported. 

Mrs. B. You are right, the fulcrum is no longer in the cen- 
tre of gravity; but if we can contrive to make the fulcrum in its 
present situation become the centre of gravity, the scales will 
again balance each other ; for you recollect tliat the centre of 
gravity is that point about which every part of the body is in 
equilibrium. 

EmUy. It has just occurred to me how this may be accom- 
plished; put a great weight into the scale suspended to the 
shortest arm of me lever, and a smaller one into that suspended 
to the longest arm. Yes, I have discovered it — ^look Mrs. B., 
the scale on the shortest arm will carry Slbs., and that on the 
longest arm only one, to restore the balance.' (fig. 3.) 

Sfra. B. You see, therefore, that it is not so impracticable 
as you imagined, to make a heavy body balance a light one; and 
this is in fact the means by which you observed that an imposi- 
tion in &e weight of goods might be effected, as a weight oi ten 
or twelve ounces, might thus be made to balance a pound df 
goods. If you measure both arms of the lever, you will find that 
tiie length of the longer arm, is three times that of the shorter; 
and that to produce an equilibrium,( the weights must bear the 
same proportion to each other, and tnattthe ereater weight, must 
be on the shorter arm. ) Let us now take off the scales, that we 
may consider the lever simply; and in this state you see that the 
fulcrum is no longer the centre of gravity, because it has been 
removed from the middle of the lever ; but it is, and must ever 
be, the centre of motion, as it is the only point which remains at 
rest, while the other parts move about it 

11. How may a pair of scales be felse, and yet appear to be true ? 12. If . 
the fulcrum be removed fix>m the centre of gravity, how may the equilibrium 
be restored ? 13. How is this exemplified by fig. 3. plate 4 f 14. What pro* 
portion must the weights bear to the leogths of the arms ? 
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Caroline. The arms of the lever being different in length, it 
now exactly resembles tiie steelyards, with which articles are 
so frequently weighed. 

Mrs, B. It may in fact be considered as a pair of steelyards, 
by which the same power enables us to ascertain the weight of 
different articles, by simply increasing the distance of the power 
from' the fulcrum; you know that the farther a body is from the 
axis of motion, the greater is its velocity. 

Caroline. That I remember, and understand perfectly. 

Mrs. B. You comprehend then, that the extremity of the 
lons;est arm of a lever, must move with greater velocity than that 
of the shortest arm, and that its momentum is greater in propor- 
tion. 

ErmJy. No doubt, because it is farthest from the centre of 
motion. And pray, Mrs. B., when my brothers play at see-daw^ 
is not the plank on which they ride, a kind of lever ? 

Mrs, B, Certainly ; the log of wood which supports it from 

the ground is the fulcrum, and those who ride, represent the 

power and the resistance at the ends of the lever. And have you 

. not observed that when those who ride are of equal weight, the 

, plank must be supported in the middle, to make the two arms 

I equal; whilst if the persons differ in weight, ^e plank must be 

: drawn a little farther over the prop, to make the arms unequal, 

and the ii^test person, who may be supposed to represent the 

power, must be placed at the extremity ot the longest arm. 

Caroline, That is always the case when I nde on a plank 
with my youngest brother; I have observed also that the li^test 
person has the best ride, as he moves both further and quicker ; 
and I now understand that it is because he is more distant from 
the centre of motion. 

Mrs, B, The greater velocity wi^ which your little brother 
moves, renders his momentum equal to yours. 

Caroline, Yes ; I have the mOst wei^t, he the greatest velo- 
city; so that upon the whole our momentums are equal. But 
you said, Mrs. B., that the power should be greater than the re- 
sistance, to put the machine in motion ; how then can the plank 
move if the momentums of the persons who ride are equal ? 

Mrs, B, Because each person at his descent touches and 
pushes against the ground with his feet ; the reaction of which 
gives him an impulse which produces the motion ; this spring is 
requisite to destroy the equilibrium of the power and the resist- 
ance, otherwise the plank would not move. Did you ever ob- 
serve that a lever describes the arc of a circle in its motion ? 

15. On what principle do we weigh with a pair of steelyards, and what 
will be the difference in the motion of the extremities of sijch a lever? 
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Emily. No; it appears to me to rise and descend pevpendi- 
cularly ; at least I always thought so. 

Mrs. B, I believe 1 must make a sketch of you and youi 
brother riding on a plank, in order to convince you of your error, 
(fie. 4. plate 4.) You may now observe that a lever can move 
only round the fulcrum, since that is the centre of motion ; it 
would be impossible for you to rise perpendicularly, to the point 
A; or for your brother to descend in a straight line, to the point 
B ; you must in rismg, and he in descending, describ^arcs)of your 
respective circles. This drawing shows vou also how niuch su- 
perior his velocitv must be to yOurs ; for if you could swing quite 
round, you would each complete your respective circles, in the 
same time. 

Caroline. My brother's circle being much the largest, he 
must undoubtedly move the quickest.^ 

Mrs. B. Now tell me, da you think that your brother could 
raise you as easily without the aid of a lever ? 

Carotins, Oh no, he could not lift me off the ground. 

Mrs. B. Then I think you require no further proof of the 
power of a lever, since you see what it enables your brother to 
perform. 

Caroline. I now understand what you meant by saying, that* 
in mechanics, velocity is opposed to weight, for it is my brother's 
velocity which overcomes my weight. 

Mrs. B. You may easily ima^ne, what enormous weights 
may be raised by levers of tnis description, for the longer, wnen 
compared with the other, that arm is to which the power is ap- 
plied, the greater will be the eflfect produced by it; because the 
greater is the velocity of the power compared to that of the weight. 

Levers are of three kinds pm the firsf the fulcrum is between 
tiie power and t^e weight.^ -^ 

Caroline. This kind then comprehends the several levers you 
have described. 

Mrs. B. Yes, when in levers of the first kind, the fulcrum is 
equally distant from the power and the weight, as in the balance, 
there will be an equilibrium, when the power and the weight 
are equal to each other ^ it is not then a mechanical power, for 
nothing can in this cas^be gained by velocity; the two arms of 
the lever being equal, the velocity of their extremities must be^ 
80 likeMrise. The balance is therefore of no assistance as a me- 
chanical power, although it is extremely useful in estimating the 
respective weights of bodies. 

But when (fig. 5.) the fulcrum F of a lever is not equally dis- 

16. How is this exemplified by %. 4. plate 4? 17. What line is descri- 
bed by the ends of a lever ? fig. 4. plate 4. 18. How many kinds are there; 
and in the first how is the fulcrum situated? 19. When may 'the fulcrum be 
«o situated that this lever is not a mechanical power, and why ? , 
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tant from the power and the weight, and the power P acts at the 
extremity of the longest arm, it may be less tnan the weight W;^ 
its deficiency being compensated by its superior velocity, as we 
observed in the see-saw, 

Emily. Then when we want to lift a great weight, we must 
fasten it to the shortest arm of a lever, and apply our strength to 
the longest arm ? 

Airs. B. If the case will admit of your putting the end of the 
lever under the resisting body, no fastening will be required ; as 
you will perceive J when a nail is drawn by means of a hammer, 
which, though bent, is a lever of the first kindjMhe handle being 
the longest arm, the point on which it rests, therfulcrum, and the 
distance from that to the part which holds the nail, the short arm. 
But let me hear, Caroline, whether vou can explain the action 
of this instrument, which is composed of two levers united in one 
common fulcrum. 

Caroline, /A pair of scissors ! ^ 

Mrs. B. Tou are surprised; but if you examine their con- 
struction, you will discover that it is the power of the lever, that 
assists us m cutting with scissors. 

Caroline. Yes ; I now perceive that the point at which the 
two levers are screwed ti^thier, is the fulcrum ; the power of 
the finders is applied to the handles, and the article to De cut, is 
the resistance ; merefore, the longer the handles, and the shorter 
the points of the scissors, the more easily you cut with them^ 

Emiiy, That 1 have often observed, for when I cut paste- 
board or any hard substance, I always make use of that part of 
the scissors nearest the screw or rrvet, and I now understand 
why it increasfi the power of cutting; but I confess that I never 
should have discovered scissors to have been double levers; and 
pray are not snuffers levers of a similar description ? 

Mrs, B. Yes, and most kinds of pincers; the great power of 
which consists in the great relative length of the handles. 

Did you ever notice the swingle-tree of a carriage to which 
the horses are attached when drawing? 

Emily. O yes; this is a lever of the first kind, but the ful- 
crum being in the middle, the horses should draw with equal 
power, whatever may be Aeir strength. 

Mrs. B. That is generally the case, but it is evident that by 
making one arm longer than the other, it might be adapted to 
horses of unequal strength; 

Caroline. And of wnat nature are the other two kinds of le- 
vers ? 

20. What w represented by %. 5. plate 4 ? 21. Give a familiar example 
of the use of a lever of the first kind. 22. in what instruments are two such 
levers combined i* 23. How may two horses of unequal strength, be advan- 
tiigeously coupled in a carriage ? 
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Mrs, B. In levers of the second kind, the weight, instead of 
being at one end, is situated between the power and the ful- 
crum,' (fig. 6.) 

Caroline, The weight and the fulcrum have here changed 
places ; and what advantage is gained bj this kind of lever ? 

Mrs, B, In moving it, the velocity of the power must neces- 
sarily be greater than that of the weight, as it is more distant 
from the centre of the motion. Have you ever seen your brother 
move a snow-ball by means of a strong stick, when it became too 
heavy for him to move without assistance ? 

Caroline, Oh yes ; and this was a lever of the second kind, 
(fig. 7,) the end of the stick, which he tlirusts under the ball, and 
which rests on the ground, becomes the fulcrum ; the ball is the 
weight to be moved, and the power his hands, applied to the 
other end of the. lever. In this instance there is a great differ- 
ence in the length of the arms of the lever ; for the weight is al- 
most close to the fulcrum. , 

Mrs, B, And the advantage gained is proportional to this 
difference. The most common example that we have of levers 
of the second kind, is in the doors of our apartments. 

Emily, The hinges represent the fulcrum, our hands the 
power applied to the other end of the lever ; but where is the 
we^ht to be moved ? 

Mrs, ^.v/'Tlie door is the weight, which in this example occu- 
pies the whole of the space between the power and the fulcrum. 
Nut crackers are double levers of this kind : the hinge is the ful- 
crum, the nut the resistance, and the hands the power. 

In levers of the third kind (fig. 8.) the fulcrum is a^ain at one 
extremity, the weight or resistance at the other, ^d the power is 
applied between the fulcrum and the resistance. ^ 

Emily, The fulcrum, the weight, or the power, then, each 
in its turn, occupies some part of the lever between its extremi- 
ties. But in this third kind of lever, the weight being farther 
than the power from the centre of motion, the difficulty of rais- 
ing it seems increased rather than diminished. 

Mrs, B, That is very true ; a lever of this kind is therefore 
never used, unless absolutely necessary, as is the case in raising 
a ladder in order to place it against a wall ; the man who raises 
it cannot place his nands on the upper part of the ladder, the 
power, therefore, is necessarily placed much nearer to the ful- 
crum than to the weight. ' , 

Caroline, Yes, the^ands are the power, the ground the ful- 
crum, and the upper part of the ladder the weight. 

24. Describe a lever of the second kind. (Fig. 6. plate 4.) 25. What is 
represented in fig. 7. plate 4, and in what proportion does this lever |^n 
power? 26. What is said respecting a door? 27. Describe alev«r of th« 
third Iqpd. 28. In what instance do we use this ? 
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Mrs, IB. Nature employs this kind of lever in the structure 
of the human frame. In lifting a weight with the hand, the lower 
part of the arm becomes a lever of me third kind ( the elbow is 
the fulcrum, the muscles of the flesh j part of the arm, the power; 
and as these are nearer to the elbow than to the hand, it is ne- 
cessary that their power should exceed the weight to be raised. 

Emily. Is it not surprising that nature should have furnished 
us with such disadvantageous levers ? 

Mrs. B. The disadvantage, in respect to power, is more than 
counterbalanced by the convenience resulting from this structure 
of the arm ; and it is that no doubt which is best adapted to 
enable it to perform its various functions. 

There is one rule which appliss to every lever, which is this : 
In order to produce an equilibrium/ the power must bear the 
same proportion to the weight, as the' length of the shorter arm 
does to that of the lonser^as was shown by Emily with the 
weiffhts of lib. aad of S&. Fiff. 3. plate 4. 

We have dwelt so long on 3ie lever, that we must reserve the 
examination of the other mechanical powers, to our next interview. 

29. What remarks are made on its employment in the limbs of animals? 
30. What are the conditions of equilibrium in every lever ? 



d by Google 



CONVERSATION V. 

CONTINUED. 



ON THE MECHANICAL POWERS. 

OF VBE FVLLBT. — OF TBE WHEEL AND AXLE.— OF THE INCLIITED PLAJIS. 
— OF THE WEDGE.— OF THE SCREW. 

MRS. B. 

The pulley is the second mechanical power we are to exam- 
ine. You both, I suppose, have seen a pulley ? 

Caroline. Yes, frequently: -it is a circular, and flat piecc^f 
wood or metal, with a string which runs in a groove round it^ by 
means of which, a weight may be pulled up ; thus pulleys are 
used for drawing up curtains. 

Mrs. B. Yes ; but in that instance the pulleys are fixed ;^at^ 
is, they retain tlieir places, and merely turn round on their axis ; . 
these do not increase the power to raise the weights, as vou will 
perceive by this figure, (plate 5. fiff. 1,) Observe that tne fixed 
pullev is on the same principle as the lever of a pair of scales, in 
whicn the fulcrum F being in the centre of gravity, the power P 
and the weight W, are equally distant from it, and no advantage 
issued. 

jEmUy. Certainly; if P represents the power employed to 
raise the weight W, the power roust be sreater than the weight 
in order to move it. But of what use men is a fixed pulley in 
mechanics ? 

Mrs. B. AUhough it does not increase the power, it is fre- 
quently useful for altering its direction. A single fixed pulley 
enables us to draw a curtain up, by pulling the string connected 
with it downwards; and we should be at a loss to accomplish 
this simple operation without its assistance. 

Caroline. There would certainly be some difficulty in ascend- 
ing to the head of the curtain, in order to draw it up. Indeed I 
now recollect having seen workmen raise weights to a considera- 
ble height by means of a fixed pulley, which saved them the 
trouble of going up themselves. 

31. Describe a pulley, and its use. 32. What is meant by a fixed pulley 
and why is not power gained by its employment? (fig. 1. plate 5.) 33. Of 
what use is the fixed pulley? 
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Mrs. S^ The next fi^re represents a pulley which is not 
fixed; rfig. £.) and thus situated, you will perceive that it affords 
vi%. mechanical assistance. 

A is a moveable pulley; that is, one which is attached to the 
weight to be raised, and which conseouentl^ moves up or down 
with it. There is also a fixed pulley D, which is only of use to 
chan^ the direction of the power P. Now it is evident that the 
velocity of the power, will be double that of the weight W) for 
if the rope be pulled at P, until the pulley A ascends with tiie 
weight to the fixed pulley D, then both parts of the rope, C and 
B, must pass over the fixed pulley, ana consequently the hand 
at P, will nave descended through a space equal to those two parts; 
but the weight will have ascended only one half of that distance. 

Caroline. That I understand : if P drew the string but one 
inch, the wei^t would be raised only half an inch, because it 
would shorten the strings B and C half an inch each, and conse- 
quently the pulley with the weight attached to it, can be raised 
only half an inch. 

jEmily. But I do not yet understajid the advantage of movea- 
ble pulleys; they seem to me to increase rather than diminish 
the difficult of raising weights, since you must draw the string 
double Hie length that you raise the weight; whilst with a single 
pulley, or without any pulley, the weight is raised as much as 
the string is shortened. 

Mrs. S. The advantage of a moveable pulley consists in di- 
viding the difficulty; we must, it is true, draw twice tiiie lenfftb 
of the string, but then only half the strength is required that 
would be necessary to raise the weight wjkhout the assistance o2 
a moveable pulley. 

Emily. So that the difficulty is overcome in the same manner 
as it would-be, by dividing the weight into two equal parts, and 
raising them successively. 
^ Mrs. B. Exactly. You must observe, that wiili a moveaUe 
pulley the velocity of the power, is doubleihat of the weight; since 
/the power P (fig. 2.) moves two inches whilst the wei^t W 
vjnoves one inchi; ;therefore the power need not be more than half 
the weight, to ih^e their momentums equal. 

Caroline^ Pulleys act then on the same principle as the lever^ 
the deficiency of weight in the power, being compensated by its 
superior velocity, so as to make their momentums equal. 

Mrs. B. You will find, that all gain of power in mechanics is 
founded on the same principle. 

Emily. But may it not be objected to pulleys, that a longer 

34. How is the power gained by a moveable pulley, explained by means 
of fig. !2. plate 5 ? 35. What proportion must the power bear to the weight 
in Gg, 2, that their momentums may be equal? "* 
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time is required to raise a weight by their aid, than without it? 
for what you gain in power, jou lose in time. 

Mrs, A That, my dear, is the fundamental law in mecha- 
nics: it is the case with the lever, as well as the pulley; and you 
will find it to be so with all the other mechanical powers. 

Caroline. I do not see any advantage in the mechanical pow- 
ers then, if what we gain by them in one way, is lost in another. 

Mrs, B, ^nee we are not able to increase our natural strength 
is not any instrument of obvious utility, by means of which w 
may reduce the resistance or weight of any body, to the level of 
that strength ? This the mechanical powers enable us to accom- 
plish. It is true, as you observe, that it requires a sacrifice of time 
to attain this end, but you must be sensible how very advantage- 
ously it is exchanged for power. If one man by his natural 
strength could raise one hundred pounds only, it would require 
five such men to raise five hundred pounds ; and if one man 
performs this by the help of a suitable engine, there is then no 
actual loss of time; as he does the work of nve men, although he 
is five times as long in its accomplishment. 

You can now understand, that the greater the number of 
moveable pulleys connected by a string, the more easily the 
weight is raised; as the difficulty id divided amoi^t the number 
of strings, or rather bf parts into which the string is divided, by 
the pulleys. Two, or more pulleys thus connected, form wha^ 
is called a tackle^ sor system of pulleys, (fig. S.J You may have 
seen them suspended from cranes to raise goods into warehouses. 

Emily, When there are two moveable pulleys, as in tlie fi- 
gure you have shown to us, (fig. 3.) there must also be two fixed 
pulleys, for the purpose of chan^ng the direction of the string, 
and then the weight is supported by four strings, and of course, 
each must bear only one tourth part of the weight. 

Mrs, B. You are perfectly correct, and the rule for estimat- 
ing the power gained by a system of pUllies, is to count the 
number of strings by which tne weight is supported ; or, which 
amounts to the same thing, to multiply the number of moveable 
pulleys by two. 

In shipping, the advantages of both an increase of power, and 
a change of direction, by means of pulleys, are of essential im- 
portance: for the sails are raised up the masts by the sailors on 
deck, from tiie change of direction which the pulley effects, and 
the labour is facilitated by tlie noechanical power of a combina- 
tion of pulleys. 

36; What is a fundamental latr as respects power and time ? 37. If to 
gain power we must lose time, what advantage do we derive from the me- 
chanical powers ? 3S. What name is given to two or more pulleys connected 
by one string? 39. How do we estimate the power gained by a system of 
pikllcys ? 
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' EmUy^ But the pulleys on ship-board c)o not appear to me to 
be united in the manner jou have shown us. 

Mrs. B. They are, I believe, generally connected as describ- 
ed in figure 4, both for nautic^, and a variety of other pur- 
poses; but in whatever manner pulleys are connected by a single 
string, the mechanical power is the same. 

The third mechanical power, is the wheel and axle. Let us 
suppose (plate 6. fig. 5) tne weigjht W, to bffi a bucket of water 
in a well, which we raise by winding rountf the axle the rope, 
to which it is attached ;iif this be done without a wheel to turn 
the axle, no mechanical Assistance is received. The axle with- 
out a wheel is as impotent as a single fixed pulley ,jor a lever, 
whose fulcrum is in the centre i but add the wheel to the axle, 
and you will immediately find the bucket is raised with much 
less difficulty. The velocity of the circumference of the wheel 
is as much greater th^ that of the axle, as it is further from the 
centre of motion; foi{ the wheel describes a great circle in the 
same space of time that the axle^ describes a small one, therefore 
the power is increased in the same proportion as the circumfer- 
ence of the wheel is greater than that or the axle. If the veloci- 
ty of the wheel is twelve times greater than that of the axle, a 
power twelves times less than the weight of the bucket, would 
oalance it; and a small increase would raise it. 

Emily. Tl^e axle acts the part of the shorter arm of the lever, 
the wheel t^at of the longer arm. 

Caroline, In raising water, the/re is commonly, I believe, in- 
stead of a wheel attached to the axlcj only a crooked handle, 
which answers the purpose of winding the rope round tlie axle, 
and thus raising the bucket. 

Mrs. B. In this manner (fig. 6;) now if you observe t^e dot- 
ted circle which the handle -describes in winding up the rope, 
you will perceive that the branch of the handle A, which is unit- 
ed to the axle, represents the spoke of a wheel, and answers the 
purpose of an entire wheel ; the other branch B affords no me- 
chanical aid, merely serving as a handle to turn the wheel. 

Wheels are a very essential pai-t of most machines; they are 
employed in various ways ; but, when fixed to the axle, their 
^mechanical power is always the same: that is, as tlie circumfer- 
ence of the wheel exceeds that of the axle, so much will the 
energy of the power be increased. 

Caroline. Then the larger the wheel, in proportion to the axle, 
the greater must be its effect ? 

40. What is represented by fig. 5. plate 6 ? 41. How does the wheel ope- 
rate in increasing power ? 42rHow is this compared with the lever ? 43. How 
does a handle fixed to an axle, represent a wheel, fig. 6? 44. How could 
we increase the power in this instrument ? 

F2 
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Mrs. B, Certainly. If you have ever seen any considerable 
mills or manufactares, yo^ must have admired the immense 
wheel, the revolution of which puts the whole of the machinery 
into motion; and though so great an eflfect is produced by it, a 
horse or two has sufficient power to turn it ; sometimes a stream 
of water is used for that purpose, but of late years, a steam-en- 
gine has been found both the most powerful and tiie most conve- 
nient mode of turning the wheel. 

CaroUne. Do not ihe vanes of a windmill represent a wheel, 
Mrs. B.? 

Mrs. B, Yes ; and in tiiis instance we have tiie advantage of 
a gratuitous force, the wind, to turn the wheel. One of the 
great benefits resulting from the use of machineiy is, that it 
gives us a sort of empire over the powers of nature, and enables us 
to make them perform Ihe labour Avhich would otherwise fall to 
the lot of man. When a current of wind, a stream of water, or 
the expansive force of stream, performs our task, we have (mly 
to superintend and regulate their operations. 

The fourth mechanical power is ike, inclined plane; this is 
generally nothing more than\a plank placed in a sloping direc* 
tion, which is frequently usea to faciliMe the raising of weights, 
to a 'small height, such as the rolling of hogsheads or barrels into 
a warehouse. It is not difficult to understand, that a weight 
may much more easily be rolled up a slope than it can be raised 
the same height perpendicularly. But in this, as well as the 
other mechanical powers, the facility is purchased by a loss of 
time (fig. 7;) for t!ie weight, instead of moving directly from A 
to C, must move from B to C, and as the length of the plane is 
to its height, so much is the resistance of the weight diminished. 

JEmily. Yes; for the resistance, instead of being confined to 
the short line A C, is spread over the long line B C. 

Mrs. B. The wedge, which is the next mechanical power, is 
usually viewed as composed of .two inclined planes )(fig« ^0 you 
may have seen wood -cutters us^ it to cleave wood. •" The resist- 
ance consists in the cohesive attraction of the wood, or any other 
body which the wedge is employed to separate ; the advantage 
gained by this power is differently estimated by philosophers; but 
one thing is certain, its power is increased,^ in proportion to the 
decrease of its thickness, compared with its length. The wedge 
is a very powerful instrument, but it is always driven forward 
by blows from a hammer, or some other body having considera- 
ble momentum. 

Emily. The wedge, then, is rather a compound than a dis- 

45. Wha^ other forces besides the power of men, do we employ to move 
machines? 46. What will serve as an example of an inclined plane ? 47. In 
what proportion does it gain power? (fig. 7.) 48. To what is the wedge 
compared ? (fig. 8.) 49. JIow does its power increase ? 
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tinct mechanical power/ since it is not {Hropelied by simple 
^re8sure;^,or weight, like the other powers. 

Mrs. S. It 18 so. All cutting instruments jare constructed 
upon tiie principle of the inclin^ plane, or the wedge : those 
that have but one edge sloped, like the chisel, may be referred 
to the inclined plane ; whilst the axe, the hatchet, aotd the knife, 
(when used to split asunder) are used as wedges. 

Caroline, But a knife cuts best when it is drawn across the 
substance it is to divide. We use it thus in cutting meat, we 
do not chop it to pieces. , 

Mrs. B, The reason of this is, that(the edge of a knife is 
really a very fine saw, and therefore acts best when used like 
that instrument. 

T\\e screw, which is the last mechanical power, is more com- 
plicated than the others. You will see by this figure, (fig. 9. ) 
that it is composed of two parts,lthe screw and the nut. f The 
screw S is a cylinder, with a spiral protuberance coiled roiind it, 
called tiie thread ; the nut N is perforated to receive the screw, 
and the inside of ihe nut has a spiral groove, made to fit the spi- 
ral thread of the screw. 

Caroline, It is just like this little box, the lid of which screws 
on the box as you have described; but what is this handle L 
which projects from the nut ? 

Mrs, B. It isi^ lever, Which is attached to the nut, without 
which the screw ife never used as a mechanical power. The 
power of the screw, complicated as it appears, is reterable to one 
of the most simple of the mechanical powers ; which of them do 
you think it is ? 

Caroline. In appearance, it most resembles the wheel and 
axle. 

Mrs. B. The lever, it is true, has the effect of a wheel, as it 
is the means by which you turn the nut, or sometimes the screw, 
round ; but I3ie lever is not considered as composing a part of the 
3crew, though it is true, that it is necessarily attached to it. 

Emily. The spiral thread of the screw resembles, I think, an 
inclined plane : it is a sort of slope, by means of which tlie nut 
ascends more easily than it would do if raised perpendicularly; 
and it serves to support it when at reft. 

Mrs. B. Very well: 4f you cut a slip of paper in the form of 
an inclined plane, and Vind it round your pencil, wliich will 

50. Why is it rather a oompound than a simple power? 51. What com- 
mon instruments act upon the principle of the inclined plane, or the wedge ? 
52. Why. does a knife cut best when drawn across ? 53. The screw has two 
essential parts ; what are they ? 54. What other instrument is used to turn 
the screw ? 65. How can you compare the screw with an inclined plane ? 
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represent the cylinder, you will find that it makes a spiral line, 
corresponding to the spiral protuberance of the screw. \ (Fig. 10.) 

Emily, Very true ; the nut then ascends an inclined plane, 
but ascends it m a spiral, instead of a straight line : the closer 
the threads of the screw, the more easy the ascent : it is like 
having shallow, instead of steep steps 'to ascend. 

Mrs, B, Yes ; excepting that the nut takes no steps, as it 
gradually winds up or down ; then observe, that the closer the 
threads of the screw, the less is its ascent in turning round; and 
the greater is its power ; so that we return to the old principle, — 
what is saved in power is lost in time. 

EmVy, Cannot the power of the screw be increased also, by 
lengthening the lever attached to the nut ? i 

Mrs, B, Certainly. The screw, with the addition of the 
lever, forms a very powerful machine, employed either for com- 
pression or to raise heavy weights. It is used by book -binders, 
to press the leaves of books together; it is used also in cider and 
wine presses, in coining, and for a variety of other purposes. 

Emily, Pray Mrs. B, by what rule do you estimate tlie power 
of the screw ? 

Mrs, B, By measuring the circumference of the circle, which 
the end of the lever would form in one whole revolution, and 
comparing this with the distance from tlie centre of one thread of 
the screw, to that of its next contiguous turn \ for whilst the lever 
travels that whole distance, the screw rises or falls only tlirough 
the distance from one coil to another. 

Caroline I think that I have sometimes seen the lever attach- 
ed to the screw, and not to the nut, as it is represented in the 
figure. 

Mrs. B, This is frequently done, but it does not in any 
degree affect the power of the instrument. 

All machines are composed of one or more of tliese six me- 
chanical powers we have examined^ I have but one more remark 
to make to you relative to them, ^ich is, (that friction In a con- 
siderable degree diminishes their forc€i^ allowance must there- 
fore always be made for it, in the construction of machinery. 

Caroline, By fribtion, do you mean one part of the machine 
rubbing ^inst another part contiguous to it r 

Mrs, bI Yes ; 'friction is the resistance which bodies meet 
with in rubbing against each other ; there is no such thing as 
perfect smoothness or evenness in nature; polished metals, though 
they wear that appearance more than most other bodies, are tar 

56. By what two means may the power of the screw be increased ? 57- How 
do we estimate the power gained by the screw ? 68. Is the lever always at- 
tached to the nut, as in the figure ? 59. What is said respecting the composi- 
tion of all machines, and for what must allowance always be made io estimat 
ing their power ? 
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from really possessing it ; md their inequalities may frequently 
be perceived through a good magnifying glass. \Vhen, there- 
fore, the surfaces of the two bodies come in contact, the promi- 
nent parts of the one, will often fall into the hollow parts of the 
other, and occasion more or* less resistance to motion. 

Caroline. But if a machine is made oF polished metal, as a 
watch for instance, the friction must be very trifling? 

Mr9. B, (^Ih proportion as the surfaces of bodies are well 
polished,jthe friction is doubtless diminished; but it is always 
considerable, and it is usually computed to destroy oiie-third of 
the power of a machine. Oil or grease is used to lessen friction : 
it acts as a polish, by filling up the cavities of the rubbing sur- 
faces, and thus making them slide more easily over each other. 

Caroline, is it for this reason tliat wheels are greased, and 
the locks and hinges of doors oiled ? 

Mrs. B. Yes ; in these instances the contact of the rubbing 
surfaces is so close, and they are so constantly in use, that they 
require to be frequently oiled, or a considerable degree of fric- 
tion is produced. 

There are two kinds of friction ^the first is occasioned by the 
mbbing of the surfaces of bodies against each other^ the second, 
by the rolling of a circular body j as that of a carriage wheel upon 
the ^und : the friction resulting from the first is much the most 
considerable, for great force is required to enable tbe sliding 
body to overcome the resistance which the asperitieS of the sur- 
faces in contact oppose to its motion, and it must be either lifted 
over, or break through them ; whilst, in the second kind of fric- 
tion, the rough parts roll over each other with comparative facility ; 
hence it is, that wheels are often used for the sole purpose of 
diminishii^ the resistance from friction.^ 

Emily. This is one of the advantag«is of carriage wheels, is 
it not ? 

Mt8, B. Yes 5 and the larger the circumference of the wheel 
the more readily it can overcome any considerable obstacles, 
such as stones, or inequalities in the road. When, in descend- 
ine a steep hill, >we fasten one of the wheels, we decrease the 
Telocity of the carriage, by increasing the friction. 

Caroline. That is to say, by converting the rolling friction 
into the rubbing friction. Ai>d when you had casters put to the 
legs q€ the table, in wrder to move it more easily, you changed 
the rubbing into the rolling friction. 

Mrs. B. There is another circumstance which we have alrea- 
dy noticed, as diminishing the motion of bodies, and which ^eat- 

&0. What is meant by friction, and what causes it ? 61. How may friction 
be diminished? 62. Friction is of two kinds, what are they ? 63. For what 
parpose are wheels often used ? 64. When is the friction of a carriag^e wheel 
changed from the rolling; to the rubbing friction i 
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\j affects the power of machines. This is the resistance of the 
medium, in which a machine is worked. ^ All fluids, whether 
elastic like air, or nonelastic like water and other liquids, are 
called mediums ;^and their resistance is proportioned to their 
density; for the^ more matter a body contains, the greater the 
Fesistance it will oppose to the motion of another body striking 
against it. 

EmUy. It would then be much more difficult to work a ma- 
chine under water than in the air ? 

Mrs. B, Certainly, if a machine could be worked in vamo^ 
and without friction^ it would not be impeded, but this is unat- 
tainable ; a considerable reduction of power must therefore be 
allowed for, from friction and the resistance of the medium. 

We shall here conclude our observations on the mechanical 
powers. At our next meeting I shall endeavour to give you an 
explanation of the motion of £e heavenly bodies. 



CONVERSATION VI. 



CAUSES OF THE MOTION OF THE HEAVENLY 
BODIES. 

OB THB earth's AWNUAL MOTION.— OF THE PLAin&TS AWD THEIR M<N 
TIOW. — OF THE DIURNAL MOTION OF THE EARTH AND PLANETS. 

CAROLINE. 

I AM come to you to-day quite elated with the spirit of oppo- 
sition, Mrs. B. ; for I have discovered such a powerful objection 
to your theory of attraction, that I doubt whether even vour can- 
juror Newton, with his magic wand of gravitation, will be able 
to dispel it. 

Mrs. B. Well, my dear, pray what is this weighty objection ? 

Caroline. You say that tte earth revolves* in its orbit round 
the sun once in a year, and that bodies attract in proportion to 

65. What is a medium, an4 in what proportion does it diminish motion ? 
66. Under what circumstances must a body be placed, in order to move with>- 
out impediment f 
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the quantity of matter they contain; now we all know the sun to 
be much larger than the earth : why, therefore, does it not draw 
the earth into itself ; you will not, i suppose, pretend to say that 
we are falling towarcls the sun P 

Emily, However plausible your objection appears, Caroline, 
I think you place too much reliance upon it : when any one has 
given such convincing proofs of sagacity and wisdom as Sir Isaac 
Newton, when we find that his opinions are universally received 
and adopted, is it to be expected that any objection we can ad- 
vance should overturn them ? 

CdroUne, Yet I confess that I am not inclined to yield impli- 
cit faith even to opinions of the great Newton : for what pur- 
pose are we endowed with reason, if we are denied the privilege 
of making use of it, by judging for ourselves. 

Mrs. S. It is reason itself which teaches us, that when we, 
novices in science, start objections to theories established by men 
of knowledge and wisdom, we should be diffident rather of our 
own than m their opinion. I am far from wishing to lay the 
least restraint on your questions ; you cannot be better convinced 
of the truth of a system, than by finding that it resists all ^our 
attacks, but I would advise you not to advance your objections 
with so much confidence, in order that the discovery of their 
fallacy may be attended with less mortification. In answer to 
that you have just proposed, I can only say, that the earth really 
is attracted by the sun. 

Caroline, Take care, at least, that we are not consumed by 
him, Mrs. B. 

Mrs. S. We are in no danger ; but Newton, our magician, 
as you are pleased to call him, cannot extricate himself from 
tills difiiculty without the aid of some cabalistical figures, which 
I must draw for him. 

Let us suppose the earth, at its creation, to have been pro- 
jected forwards into universal space : we know that if no obsta- 
cle impeded its courseut would proceed in the same direction, 
and with a uniform velocity for ever.) In fig. 1. plate 6,\ A re- 
presents the earth, imd S the sun^ We shall suppose the' earth 
to be arrived at ther^ point in which it is represented in the figure, 
having a velocity which would carry it on to B in the space of 
one month ;)ivhilst the sun's attraction would bring it to C in the 
same space of time. ' Observe that the two forces of projection 
and attraction do not act in opposition, but perpendicularly, or 
at a right angle to each other. Can you tell me now, how the 
earth will move ? y 

Emily, I recollect your teaching us that4 body acted upon 

1. What revolution does the earth perform in a year? 2. Had the earth 
received a projectile force only, at the time of ita creation, how would it have 
moved? 
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by iwo forces perpendicalar to each other, ^vould move in the 
diagonal of a parallelogram i if, therefore, I complete the paral- 
lelogram, by drawing the lines C D, B D, the earth will move in 
the diagonal AD. 

Mrs. B, A ball struck by two forces acting perpendicularly 
\q each other, it is true^ moves in the diagonal of a parallelogram ; 
'but you mu^ observe that/the force of attraction is continually 
acting upon our terrestrial nail, and producing an incessant de- 
viation from its course in a right line, which converts it into that 
of a curve -line ;) every point of which may be coiside^ed as con- 
stituting the diagonal of an in^nitely small parallelogram. 

Let us detain die earth a moment at the point D, and consider 
how it will be affected by tJie combined action of the two forces 
in its new situation. ("It still retains its tendency to iy off in a 
straight line ; but a ^aight line would now carry it away to F,. 
whilst the sun would attract it in the direction D S ; how then 
will it proceed ?' 

Emily, ft will go on in a cttrve-line^ in a direction between 
that of the two forces. 
' Mfs. B. In order to know exactly what course the earth will 
fbUow, draw anotiier parallel<^am similar to the first, in which- 
the line D F describes the force of projection, and the line D S 
that of attraction ; and you will find that the earth will proceed 
in the curve-line D G. / 

, Caroline. You must now allow me to draw a parallelogram, 
Mrs. B. Let me consider in what direction will the force of 
projection now impel the earth. 

Afrs. B. First draw a line from the earth to the sun repre- 
senting the force of attraction ; then describe the force of pro- 
jection at a right angle to it. 

Caroline. The earth will then move in the curve G I, of the 
parallelogram G H I K. 

, Mrs, B, You recollect thatfa body acted upon by two forces, 
moves through a diagonal, in the same time tnat it would have ' 
moved through one of the sides of the parallelogram, were it 
acted upon by one force only/ The earth pas patssed through the 
diagonals of these three parallelograms,?' in the space of three 
months, and has performed one quarter of a circle; and on the 
same principle it will go on till it has completed the whole of 
the circle. It will then recommence a course, which it has pur- 
sued ever since it first issued from the hand of its Creator, and 

3. What do the lines A B, and A C, represent in fig. 1. plate G? 4. What 
have you been taught respecting a body acted upon by two forces at right 
angles with each other ? 5. How does tiie force of gravity change the dia|^o- 
nal into a curved line? 6. Describe the operation of the forces of projection 
and of gravity as illuitiuted by the parallelograms in the figure ? 7. \ Vhat is 
the lait respecting the time required for moUoD in the diagonal ? 
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which there is every reason to suppose it will continue to follow, 
as lonff as it remains in existence. 

Erndy. What a grand and beautiful effect resulting from 
so simple a cause ! 

Caroline. It affords an example, on a magnificent scale, of the 
curvilinear motion, which you taught us in mechanics. dfThe attrac- 
tion of the sun is the centripetal force, which confines the earth 
to a centre; and the impulse of projection, the centrifugal force, 
which iinpels the earth to quit tne sun, and fly off in a tangent. 

Mrs. B. Exactly so. A simple mode of illustrating the ef- 
fect of these coml;»ined forces on the earth, is to cut a slip of card 
in the form (of a carpenter's sq^iare^a A, B, C ; (fig. £. plate 6.) 
the point B will be a right angle, tne sides of the square beii^ 
perpendicular to each other; after having done thisQ^ou are to de- 
scribe a small circle at the angular point B, representing the 
earth, and to fiisten the extremity of one of the legs of the square 
to a fixed point A, which we shall consider as the sun. ; Thus 
situated, the two sides of the square will represent both the ceh- 
trifu^ and centripetal forces ; A B, representing the centripetal, 
and B C, the centrifugal force ; if you now draw it round the 
fixed point, you will see how the direction of the centrifu^i 
force varies, constantly forming a tangent to the circle in which 
the earth moves, as it is constantly at a right angle with tibfi 
centripetal force. ■ . 

Emily. The earth then, gravitates towards the sun, without 
the slightest danger either of approaching nearer, or receding 
further from it. How admirably tnis is contrived i If Jhe two 
forces which produce this curved motion, had not been so accu- 
rately adjusted, one, would ultimately have prevailed over the 
othetvfnd we should either have approached so near the sun as 
to have been burnt, or have receded so far from it as to have 
been frozen.^ 

Mrs. B. ^Vhat will you say, my dear, when I tell you, that 
these two forces are not, in fact, so proportioned as to produce 
circular motion in the earth ? We actually revolve round the 
suriin an eliptical or oval orbit, the sup being situated in one of 
the foci or centres of the oval, ^o that(the sun is at some periods 
much nearer to the earth, than at others. ' 

Caroline. You must explain to us, at least, in whit manner 
we avoid the threatened destruction. 

8. What portion of a year is represented by Ihe tliree diagonals in the fig^ure? 
P.*- How will what you have learned respecsting motion in a curve, a|>ply to 
the earth's motion ? 10. In what form are you directed to cut a piece of 
card to aid in illustrating the two forces acting upon the earth? 11. How 
must you apply it to this purpose? (fig. 2, plate 6.) 12. If these two forces 
did not exactly balance each other, what would result ? 13. Does the earth 
revolve i%a oircular orbit? 14. What results firom its motion in an eclipse f 
G 
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Mrs. B, Let us suppose that when the earth is at A, (fig. 3.) 
its projectile force should not have given it a velocity sufficient 
to counterbalance that of gravity, so as to enable these powers 
conjointly to carry it round the sun in a circle; |he earth, instead _ 
of describing the line A C, as ii^ the former figure, will approach 
nearer the 'sun in. the line A B. ; 

Caroline. Under these circumstances, I see not what is to 
prevent our approaching nearer and nearer the sun, till we fall 
into it : for its attraction increases as we advance towards it, and 
produces an accelerated velocity in the earth, which increases 
the danger. 

Mrs, B, There is another seeming danger, of which you are 
not aware. Observe, that as the earth approaches the sun, the 
■direction of its projectile force is no longer perpendicular to that 
of its attraction, but inclines more nearly to it When the earth 
reaches that part of its orbit at B, the force of projection would 
carry it to D, which (j)rings it nearer the sun instead of bearing 
it away from it.\ 

Emily. If, then, we are driven by one power, and drawn by 
the other to this centre of destruction, how is it possibly for us 
to escape ? 

Mrs* B. A little patience, and you will find that we are not 
without resource. Tne earth continues approaching the sun with 
a uniformly increasing accelerated motion, till it reaches the 
point E; in what direction will. the projectile force now impel it? 

'BmUv. - In the direction E F. Here then the two forces act 
perpendicularly to each other, the lines representing them forming 
a right angle, and the earth is situated just as it was in the pre- 
ceding figure; therefore, from this point, it should revolve round 
the sun in a circle. 

Mrs. B. No, all the circumstances do not agree. In motion 
round a centre, you recollect that the centrifugu force increases 
with the velocity of the body, or in other words^ the quicker it 
moves the stronger is its tendency to fly off in a right line. 
When- the earth, therefore, arrives at E, its accelerated motion 
will have so far increased its velocity, and consequently its cen- 
trifugal fprce, that the latter will prevail over the force of iittrac- 
tion, and force the earth away from the sun^till it reaches G^ 

Caroline. It is thus then that we escape from the dangerous 
vicinity of the sun ; and in pi'Oportion as we recede from it, the 
fwce of its attraction, and, consequently, the velocity of the 
earth's motion, are diminished. 

U. What is represented by the lines A C, A B, in fig. 3. plate 6 ? 16. Were 
the projectile force to carry the earth from B to D, (fig. 3.) what would re- 
sult ? 17. When it has arrived at E, what angle will be formed by the lines 
representing the two forces? 18. What effect will the aocelerated motion 
then produoe.^ 
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Mrs. B, Yes. From G the direction of projection is towards 
H, that of attraction towards S, and the earth proceeds between 
them with a uniformly retarded motion, till it nas completed its 
revolution. Thus you see ths^ the earth travels round the sun,^ 
not in a circle, but anfeiipsis,/of which the sun occupies one of 
the foci; and that in its course, the earth alternately approaches 
and recedes from it, without any danger of being either swallow- 
ed up, or bein^ entirely carried away from it 

Caroline, And I observe, that what I apprehended to be a 
dangerous irregularity, is the means by which the most perfect 
order and harmony are produced. 

Emily. jfThe earth travels then at a very unequal rate, its 
velocity being accelerated as it approaches the sun, and retarded 
as it recedes from it. \ - 

Mrs. J3. It is matnematically demonstrable, that, in moving 
round a point towards which it is attracted,^ body passes over 
e(}ual areas, in equal times.\ The whole of the space contained 
within the earth's orbit, is m fig. 4, divided into a number of 
areas or surfaces ; 1, £, 3, 4, &c. ail of which are of equal dimen- 
sions, though of very different forms ; some of them, you see, are 
long and narrow, others broad and short : but they each of them 
contain an equ^d quantity of space. An imagmary line drawn 
from the centre of the earth to that of the sun, and keepipg pace 
with the earth in its revolution, passes over equal areas in equsd 
times ; that is to say, if it is a month gping from A to B, it will 
be a month going from B to C, and another from C to £, and so 
on; and the areas A B S, B C S, C E S, will be equal to each 
other, although the lines A B, B C, C E, are unequd. 

Caroline. What long journeys the earth has to perform in the 
course of a month, in one part of her orbit, and how short tiiey 
are in the other pact ! . 

Mrs. B. The inequality is not so considerable as appears in 
this figure ; for the earth's orbit is not so eccentric as it is there 
described ; and in reality, differs but little from a circle : that 
part of the earth's orbit nearest the sun is called its periheHony 
that part most distant from the sun, its aphdion; and the earth 
is above ^hree millions of milesXn^f^i* the sun at its perihelion 
than at its aphelion. 

Emily* 1 think I can trac^ a consequence from these differ- 
ent situations of the earth; are not they^the cause of summer 
and winter? 

t9. What 18 the form of the earth's orbit, and what circumstances prodiaee 
thia form ? 20. What is the consequence as regards the regularity of tfte 
earth's motion .^21. What law governs as regards the spaces passed over, and 
how is this explained by fi^. 4: plate 3 ? 22. What is meant by ptirihtUon^ and 
by aphelion ? 23. What la the difference of the distance of the earth ihmi the 
%un, in these two point? ? 
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Mrs. B. On the contrary, during the hei^t of -summer, the 
earth is in that part of its orbit which is most distant from the 
ain, and it is during the severity of /winter,sthat it approaches 
nearest to it. 

Emily. That is very extraordinary; and how then do you 
account for the heat being greatest, when we are most distant 
from the sun P 

Mrs. B. The difference of the earth's distance from the sun 
in summer and winter, when compared with its total distance 
£rom the sun, is but inconsiderable. The earth, it is true, is 
aboye three millions of miles nearer the sun in winter than in 
summer; but that distance, however great it at first appears, 
«nks into insignificance in comparison with .tl5 millions oi miles, 
which is our mean distance from the sun. The change of tem- 
perature, arising from this difference, would scarcely be sensible, 
even were it not completely overpowered by other causes which 
produce the variations of the seasons ; but these I shall defer 
explaining, till we have made Stome further observations on the 
heavenly bodies. 

Carokne. And should not the sun appear smaller in summer^ 
when it is 80 much further from us ? 

Mrs^ B. It actually does, when accurately measured; but 
^e apparent difference in uze, is, I believe, not perceptible to 
tiie naked eye. 

Entity. Then, since the earth moves with the greatest velo- 
city in that part of its orbit in which it is nearest the sun, it 
must have completed its journey through that half of its orbit, in 
a shorter time liian through the other? 

Mrs. B. Yes, it is about seven days longer performing the 
summer-half of its orbit, thait the winter-half; and the summers 
are consequently seven days longer in the northern, than they 
are in the soathem hemisphere. 

ITie revolution of all me planets round tlie sun, is the result 
of the same causes, and is performed in the same manner, as that 
of the earth. 

Caroline. Pray what are the planets ? 

Mrs. B. They are those celestial bodies, which revolve like 
our earth, about the sun ; they are supposed to resemble the earth 
also in many other respects ; and we are led by analogy, to sup- 
pose them to be inhabited worlds. 

24. At what season of the year is it nearest to, and at what furthest from 
the sun ? 2S. What is the mean distance of the earth from the sun ? 26. Wliy 
is but little effect produced, as regards temperature, by the change of distanoe ? 
27. Has it any influence on the sun's apparent size f 28. Are the summer and 
winter, half years, of the same length; what is their difference, and what is 
the cause? 29. What are the planets? 
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Caroline. I have heard so, but do you not think such an 
opinion too great a stretch of the imagination P 

Mrs, B, Some of the planets are proved to be larger than 
the earth ; it is only their immense distance from us, which ren- 
ders their apparent dimensions so small. Now, if we consider 
them as enormous globes, instead of small twinkling spots, we 
/shall be led to suppose that the Almi^ty would not have cre- 
vaUd them merely for the purpose of giving us a little lidit in the 
night, as it was formerly unagined; and we should find it more 
consistent with our ideas of the Divine wisdom and beneficence, 
to sup])os& that these celestial bodies should be created for the 
habitation of beings, who are, like us, blessed by his providence. 
Both in a moral, as well as a physical point of view, it appears to 
me more rational to consider the planets as worlds revolving 
round the sun ; , and the fixed stars as other sun$, each of them 
attended by thfeir respective system of planets, to wliich they 
impart their influence. \ We have brought^ur telescopes to such 
a aegree of perfection, Miat from the appearances which the moon 
exhibits when seen through them, we nave very good reason to 
conclude that it is a habitable globe : for though it is true that we 
cannot discern its towns and p«)ple, we can plainly perceive its 
mountains and valleys : and som^ astronomers have gone so far 
as to imagine that they discovered vdlcanos. . 

Emily. If the fixed stars are suns, with planets revolving 
round tnem» why should we not see those planets as well as their 
suns? 

Mrs. B. In the firet place, we conclude that the planets of 
other systems (like those of our own) are much smaller than the 
suns which* give tliem light; therefore at a distance so great as to 
make the suns appear like fixed stars, the planets would be quite 
invisible. Secondly, She light of the planets being only reflected 
light, is much more feeble than that of the fixed stars. ^ There is 
exactly the same difference as between the light of the sun and 
that of the moon; the first being a fixed star, tl^e second a planet. 

Emily. But the planets appear to us as bright as tlie fixed 
stars, and these you tell us are «uns like our own ; why then do 
we not see them by day -light, when they must be just as lumi- 
nous as they are in the ni^t ? 

Mrs. B. Both are invisible from the same cause : ^their light 
is so faint, compared to that of the sun, that it is entirely effaced 
by it ; the light emitted by the fixed stars may probably be as 
great as Uiat of our sun, at an equal distance; but they hieing so 

30. What circumstax)ce9"T6Dder it probable that they are habitable g^lobea ? 
31. What is believed respecting the fixed stars ? 32. ^ What disco veriea have 
been made in the moon .' 33. What prevents our seeing^ the planets, if there 
are any, which revolve round the fixed stars ? 34. Wlw^t prevents our seeing 
the stars and planets in the day-time? 
G2 
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much more remote, it is diffused over a greater ^>ace, and is i» 
consequence ^opordonall j lessened* 

CareHne. True ; I can see much better by the light of a can- 
dle that is near me, than bj that of one at a great distance. 
But I do not understand what makes the planets shine ? 

Mrs. B. What is that which makes the gilt buttons on your 
brother's coat shine ? 

Caroline. The sun. But if it was the sun which made the 
planets shine, we should see them in the day-time, when the sun 
shone upon them ; or if the faintness of their light prevented our 
seeing them in the day, we should not see them at all, for the 
sun cannot shine upon ^em in the night, 

Mrs. B. There you are in error. But in order to explain 
this to you, I must first make you acquainted with the various 
motions of the planets. 

You kuow, that according to the laws of attraction, the planets 
belonging to our system all gravitate towards the sun ; and that 
this force, combined with that of projection, will occasion their 
revolution round the sun, in orbits more or less elliptical, accord- 
ing to the proportion which these two forces bear to each other. 

But the planets have also another motion : they revolve upon 
their axis. The ^ axis of a planet is an imaginary line which 
passes through its centre, and on which it turns; and it' is this 
motion which produces day and night. It is day on that side of 
the planet which faces the sun; and on tlie opposite side, which 
remains in darkness,' it is night. ^ Our earth, which we consider 
as a planet, is 24 hours in performing one revolution on its axis ; 
in that period of time, therefore, we have a day and a ni^t ; 
hence this revolution is called the earth's diurnal or daily motion ; 
and it is tliis revolution of the earth from Avest to east Which pro- 
duces an apparent inotion of the sun, mo6n and stars, ^jn a con- 
trary direction. 

liet tfs now suppose ourselves to be beings independent of any 
planet, travelling in the skies, and looking upon the earth from a 
point as distant from it as from other planets. 

Caroline. It would jiot be flattering to us, its inhalntants, to 
see it make so insignificant an appearance. 

Mrs. B. To those accustomed to contemplate it in this light, 
it could never appear more glorious. We are taught by science 
to distrust appearances; and instea*d of considering the fixed 
stars and planets as little points, we look upon them either as 
brilliant suns, or habitable worlds; and we consider the whole 

35. What other motions have the earth and planets, besides that in their 
orbits? 36. What is the imag^ary line CfOled, round which they revolve? 
37. How does thkvoocasion nieht and day ? 38. In what direction -<loes the 
•arth turn upon its axb, and wtait apparent motion of the sun, moon, and stars 
is thereby produced? 
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together a» forming one vast and magnificent system, worthy o 
the Divine hand by which it was created. 

Emily. I can scarcely conceive the idea of this immensit}^ of 
creation; it seems too sublime for our imagination ;~and to think 
that the goodness of Providence extends over millions of worlds 
throughout a boundless universe — Ah! Mrs. B., it is we only 
who become trifling and insignificant beings in so magnificent a 
creation! 

Mrs. B. This idea should teach us humility, but without 
producing despondency. The same Almighty hand which guides 
these countless worlds in their undeviating course, conducts with 
equal perfection, the blood as it circulates through the veins of a 
fly, and opens the eye' of the insect to behold His wonders. 
Notwithstanding this immense scale of creation, therefore, we 
need not fear that we shall be disregarded or forgotten. 

But to return to our station in uie skies. We were, if you 
recollect, viewing the earth at a great distance, in appearance a 
little star, one side illumined by the sun, the other In obscurity. 
But wduld you believe it, Caroline, many of the inhabitants of 
this little ster imagine that when that part which they inhabit is 
turned from the sun, darkness prevails throughout the universe, 
merely because it is night with them ; whilst, in reality, the sun 
never ceases to shine upon every planet. When, theretbre, these 
little ignorant beings look around them during tlieir night, and 
behold all the stars shining, they cannot imagine why tiie planets, 
which are dark bodies, should shine ; concluding, that since the 
sun does not illumine themselves, the whole universe must be in 
darkness. ' 

Caroline. I confess that I was one of these ignorant pe<^le ; 
but I am now verv sensible of the ai)surdity of such an idea. To 
the inhabitants oi the other planets, then,' we must appear as a 
little star? 

Mrs. B. Yes, to those which revolve round our sun; for 
since those which may belbng to other systems, (and whose exist- 
ence is only h3rpothetical) are invisible to us, it is probable that 
we also are Invisible to them. 

Emily. But they may see our sun as we do theirs, in appear- 
ance a fixed star ? ; 

Mrs. B. No doubt ; if the beings^ who inhabit those planets 
are endowed with senses similar to ours. By the same rule we 
must appear as h moon \o the inhabitants of our moon ; but on a 
larger scale, as me surface of the earth is about thirteen times a» 
large as that of the moon. 

39. What must be the appearance of the earth to an inhabitant of one of 
the planets ? 40. What the appearance of the sun to the inhabitants of pla- 
nets in other systems? 40. What ^e appearance of the earth to an inha^itt 
ant of the moaa ? 
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Emihf. The moon, Mrs. B., appears to move in a different 
direction, and in a different manner from the stars P 

Mrs. B, I shall defer the explanation of the motion of the 
moon till our next interview, as it would prolong our present 
lesson too much. 



CONVERSATION VH. 



OF THE PLANETS- 
OP THE SATELLITES OR MOOWS. — GRAVITY DIMINISHES AS TJBB SAITARE 
OF THE DISTANCE. — OF THE SOLAR STSTBM.^OF COMETS. — CONSTSL- * 
LATIONS, SIGNS OF THE ZODIAC— OF COPERNICUS, NEWTON, &C. 

MRS* Ba 

The planets are distinguished into-, primary and secondary.") 
Those wnich revolve immediately about the sun are called pri- 
mary. Many of these are attended in their course by smaller 
planets, which revolve round them : these are called secondary 
planets, satellites, or moons. Such is our moon which accom- 
panies the earth, and is carried with it round the sun. 

Emily. How then can you reconcile tiie motion of the secon- 
dary planets to the laws of gravitation ; for the sun is much 
larger than any of the primary planets ; and is not the power 
of gravity proportional to the quantity of matter ? 

Caroline, rerhaps the sun, though much larger, may be less 
dense than the planets. Fire you know, is very light, and it 
may contain but little matter, tnough of great magnitude. 

Mrs. B. We do not know pf what kind of matter the sun is 
made; but we may be certain, that since it is tlie general centre 
of attraction of our system of planets, it must be the body which 
contains the greatest quantity of matter in that system."" 

You must recollect, that the force of attraction is not only 

1. Into what two classes are the planets divided, and how are they distin- 
g^uished ? % By what reasoning do you prove that the sun contains a g^reater 
quantity of matter than any other body in the system ^ 
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proportional to the quantity %( matter,.but to the degree of prox- 
imitj of the attractive bodfjrkhis poWer is Weakened. by being 
diffused, and diminishes as the distance increases. 

Emily. Then if a planet was to lose one-half of its quantity 
of matter, it would lose one half of its attractive power ; and the 
same effect would be produced by removing it to twice its 
former distance from the sun ; that I understand. 

Mrs., B. Not 90 perfectly as you imagine. You are correct 
as respects the diminution in size, because the attractive force 
is in the same proportion as the quantity of matter; but weie you 
to remove a planet to double its former distanceiit .would retain 
but one-fourth part of its gravitating force ;^ foKattraction de- 
creases not in proportion to the simple increase of the distance, 
butto'the squares of the distances increase. ''^ 

Caroline. I do not exactly comprehend wliat is meant by the 
squares, in this case, although I know very well what is in ge- 
neral intended by a square. 

Mrs. B. By the square of a number we mean the product of 
a number, multiplied by itself ;jthus two, jnultiplied by two, is 
four, which is therefore the sqiklre of two ; in like manner the 
square of three, is nine, because three multiplied by three, gives 
that product. 

Emily. Then if one planet is ttiree times more distant from 
the sun than another^ it will be attracted with but one-mntii part 
of the force J and if at four times the distance, with but one-six- 
teenth, sixteen being the square of four? 

Mrs. B. You are correct; the rule is.;that the attractive force 
is in the inverse proportion of the square of the distance. And it 
is easily demonstrated by the mathematics, that the same is the 
case with every power that emanates from a centre ; as for ex- 
ample, the light from the sun, or from any other luminous body, 
decreases in its intensity at the same rate. 

Caroline. Then the more distant planets, move much slower 
in their orbits ; for their projectile force must be proportioned to 
that of attraction ? But I do not see how this accounts for the 
motion of the secondary, round the primary planets, in preference 
to- moving round the sun ? 

Emily. Is It not because the vicinity of the primary planets, 
i*enders their attraction stronger than that of the sun ?- 

3. What two circumstances govern the force with which bodies attract each 
other ? 4. Were a planet remored to double its former distance from the sun, 
what would be the effect upon its attractive force ? 5. Why would it be re- 
duced to one-fourth f 6. What is meant by the square of a number, and 
what examples can you give ? 7. What then would be the effect of removing 
it to three, or four times its former distance ? S. How is the rule upon this 
subject cxpre8sed7 9. Does this apply to any power excepting gravitation ? 
10. How is it that a secondary planet revolves roimd its primary, and is not 
drawn off by the sUd? 
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Mrs. B. Exactly so. But since the attraction between bo- 
dies is mutual, the primary planets are also attracted by tlie 
satellites which revolve round them. The moon attracts the 
earth, as well as the earth the moon f" but as the latter is the 
smaller body, her attraction is proportionally less; therefore, 
neither the earth revolves round the moon, nor the moon round 
the earth ; but they both revolve round a point, which is their 
common centre ot gravity^ and which is as much nearer to the 
earth than to the moon, a^he gravity of the former exceeds that 
of the latter. 

Emibi. Yes, I recollect your saying,! that if t%vo bodies were 
fastened together by a wire or bar, their common centre of gra- 
vity would De in the middle of the bar, provided the bodies were 
of equal weight ; and if they differed in weight, it would be near- 
er the larger body. , If then, the earth and moon had no projec- 
tile force which prevented their mutual attraction from bringing 
them together, they would meet at tlieii- common centre of gra- 
vity. 

Caroline, The earth then has a great variety of motion, it 
revolves round the sun, round its own axis, and round the point 
towards which the moon attracts it. : 

MtSm B, Just so; and this is '(Ihe case with every planet 
which is attended by satellites. The complicated effect of this 
variety of motions, produces certain irregularities, which, how- 
ever, it is not necessary to notice at present, excepting to observe 
that they eventually correct each other, so tiiat no permanent 
derangement exists. 

The planets act on the sun, in the same manner as they are 
themselves acted on by their satellites ; for attraction, you must 
remember, is always mutual ;;but the gravity of the planets (even 
when taken collectively) is so trifling compared wim that of the 
sun, that were they all placed on the same side of that luminary, 
they would not cause him to move so much as one-half of his 
diameter towards them, and the common centre of gravity, would 
still remain within tlie body of the sun. The planets do not, 
therefore, revolve round the centre of the sun, butround a point 
at a small distance from its centre, about which the sun also re- 
volves. 

Emily. I thought the sun had no motion P 

Mrs, B, You were mistaken ; for besides that round the com- 
mon centre of gravity, which I have just mentioned, which is 
indeed very inconsiderable, ' he revolves on his axis in about 25 

11. What is said respecting the revolution of the moon, and of the earth, 

round ,a common centre of gravity? 12. By what law in mechanics is this 

explained? 13. What motions then has the earth, and are these remarks 

[ confined to it alone? 14. What effect have the planets upon the furi,/alid 

what is said of the common centre of gravity of the sjrstem 
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days jv this motion is ascertainetl by observing certain spots which 
disappear, and reappear reffularly at stated times. 

Caroline, A planet has frequently been pointed out to me in 
the heavens ; but I could not perceive that its motion differed 
from that of the fixed stars, which only appear to moye. 

Mfs. B, The gi-eat distance of the planets, renders their 
apparent motion so slow, that the eye is not sensible of their 
progress in their oiiiits, unless we watch them for some consi- 
derable length of time : but jf you notice the nearness of a planet 
ijo any particular fixed star^ you may in a few nights perceive 
that it has changed its distance from it, whilst the stars them- 
selves always retain their relative situations. J The most accu- 
rate idea I can give you of the situation*and motion of the pla- 
nets in their orbits, will be by the examination of this diagram, 
(plate 7. fig. 1.) representingithe solar system,^n which you will 
fed every planet, with its orbit delineated. * 

Emily. But the orbits here are all circular^ and you said that 
they were eliptical. The planets appear too, to be moving round 
the centre of the sun ; whilst you told us that they moved round 
a point at a little distance from thence. 

Mrs, B, i The orbits of the planets are so n^rly circular, and 
the common centre of gravity of the solar system, so near the 
centre of the sun, that Siese deviations are too small to be re- 
presented. The dimensions of the planets, in their proportion 
to each other, you will find delineated in fig. 2. 
r Mercury is the planet nearest the sun ; his orbit is consequent- 
ly contained within ours; his vicinity to the sun, prevents our 
frequently seeing him, so that very accurate observations cannot 
be made upon mercury. He perrorms his revolution round the 
sun in about 87 days, which is conse(jtrently the length of his 
year. The time of his rotation on his axis is not known ; his 
distance from the sun is computed to be 37 millions of miles, and 
his diameter 3180 miles. Tne heat of this planet is supposed to 
be so great, that water cannot exist there but in a state of vapour, 
and that ev«n quicksilver would be made to boil.' 

Caroline, Oh, what a dreadful climate ! 

Mrs, B, Though we could not live there, it may be perfectly 
adapted to other iSings, destined to inhabit it; or he who created 
it may have so modified the heat, by provisions of wliich we are 
ignorant, as to make it habitable even by ourselves. 

Venus, the next in the order of planets, Is 68 millions of miles 
from tlie sun\ she revolves about her axis in 23 hours and 21 

15. "What other motion has the sun, and how is it proved ? 16. How may 
yoa observe the motion of a planet, by means of a fixed star ? 17. What is 
represented by %. 1. plate 7 f 18. Why are the orbiia represented as circu- 
lar? 19. In what order do the planets increase in size as represented, fig;. 
2. plate 7 ?. 20. What are we told respecting Mercury f 
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Tiiinutesl and f goes round the sun in 244 days^ 17 hours. The 
orbit orVenu^ is also within ours i^ during nearlj one-half of her 
course initj we see her before sun-rise, and she is then called the 
morning star; in the other part of her orbit she rises later than 
the sun. "^ 

Caroline: In tiiat case we cannbt see her, for she must rise 
in the day time ? 

Mrs. B, True; but when she rises later than the sun, she 
also sets later ; so that we perceive her apjH-oaching the horizon 
after sun-set: she is then called Hesperus, or the evening star. 
Do you recollect those beautiful lines of Milton 

Now came still evening on, and twiligfht g^y 
Had in her sober livery all things clad ; 
Silence accompanied ; for beast and bird, 
They to their grassy couch, these to their nests 
Were slunk, aU but the wakeful nightingale ; 
She all night long her amorous descant sung ; 
Silence was pleasM ; now glowed the firmament 
With livii^ sapphires. Hesperus that led 
The stsory host, rode brightest, till the moon 
Rising in clouded majesty, at length 
Apparent queen unveil'd her peerless light. 
And o^er the dark her silver mantle threw. 

. The planet next to Venus is the Earth, of which we shall soon 
speak at full length. At present I shall only observe tliat*we are 
95 millions of miles distant from the sun;, that we perfom our 
annual revolution in 365 days 5 hours and '49 minutes; and are 
attended in our course by a single moon. 

Next follows Mars, He can never come between us and the 
sun, like Mercury and Venus; his motion is, however, very per- 
ceptible, as he may be traced to different situations in the hea- 
vens ;;his distance n-om the sun is 144 millions of miles ; he turns 
round his axis in 24 hours and 39 minutes; and he performs his 
annual revolution, in about Q^7 of our days: his diameter is 
4120 miles. Then follow four very small planets,^ Juno, Ceres, 
Pallas and Vesta, which have been recently discovered, but 
whose dimensions, and distances from the sun, have not been 
very accurately ascertained. They are generally called asteroids. 
Jupiter is next in order: this is the largest of all the planets. 
He is about 490 millions of miles from the sun^ and completes 
his annual period in nearly 12 of our years. He turns round his 
axis in about ten hours. He is above 1200 times as big as our 
earth; his diameter is 86,000 miles.j The respective proportions 

21. What respecting Venus? 22. When does Venus become a morning, 
and when an evening star? 23. What is said of the Earth ? 24. What of 
^ars ? 25. What four small plaoeta follow next > 
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of (he planets cannot, therefore, jou see, be conveniently deli 
neated m a diagram. He is attended by four moons. 

The next planet is Satum^^whose .distance from tiie sun, is 
about 900 millions of miles 5 hi^ diurnal rotation is performed in 
10 hours and a quarter: his annual revolution is nearly SO of 
our years. His diameter is 79,000 miles. This planet is sur- 
rounded by a luminous ring, the nature of which, astronomers 
are much at a loss to conjecture: he has seven moons. j Lastiy, 
we observef'the planet Herschel, discovered by Dr. Hef^hel, by 
whom it wke named the Georgium Sidus, and which is attended 
by six moons. " 

Caroline. How charming it must be in the distant planets, to 
see several moons shining at the same time ; I think I should 
like to be an inhabitant of Jupiter or Saturn. 

Mrs. B. Not long I believe. Consider what extreme cold 
must prevail in a planet, situated as Saturn is, at nearly ten 
times the distance at which we are from the sun. Then Ids 
numerous moons are far from making so splendid an appearance 
as ours ;f for they can reflect only the lignt which they receive 
from the sun ;j and both light, and heat, decrease! in the same ratio 
or proportion' to the distances, as gravity. 1 Can you tell me now 
how much more light we eiyoy than Satuni ? 

Caroline. The square of ten is a hundred ; therefore, Satom 
has a hundred times less — or to answer your question exactly, 
we have a hundred times more light and heat,yhan Saturn— this 
certainly does not increase my wish to beconre one of the poor 
wretches who inhabit that planet. 

Mrs. B. May not the inhabitants of Mercury, with equal 
plausibility, pity us for the insupportable coldness of our situa- 
tion; and those of Jupiter and Saturn for our intolerable heat? 
The Almighty p 
them in their sev 
ings, whose bodies are adapted 
elements, in which they are situated. If we juclge from th^ 
analogy of our own earth, or from tha%r€)f the great and univer- 
sal beneficence of Providence, we mu^l^^clude this to be the 
case. ^\^' \ — "' 

Caroline. Are not comets, in some rfcpecd similar to.planets ? 
Mrs. B. Yes, they are ; for by the reappearance of some of 
them, at stated times,*they are known to rei^lve round the sun; 
but in orbits so extremely eccentric, that tliey disappear for a 
great number of years. If they are inhabited, it must be by a 
species of beings ve^jpttferent, not only from the inhabitants of 

S6. What is said of Jupiter? ^. What of Saturn f 28. What of Her- 
schel ? 29. Why do we conclude that the moons of Saturn afford less light 
than ours ? 30. In what pi*oportion will the light and heat at Saturn be di- 
siinishod, and why ? 
H 
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thift, Init from Ame of an j of the other planets, as Itey must 
experience ^ greatest vicissitudes of heat and cold ; one part 
of their ortiit being so near the sun, that their heat, when th^^ 
is counted to be greater than that of red-hot iron ; in this part 
of its ortiLt, the comet, emits a luminous vapour^ called the tail, 
which it eraduallj loses as it recedes from tke sun; and the 
comet itself totally disap[)ears from our sight, in the more dis- 
tant parts of its orbit, which extends considerably beyond that 
of the furthest planet. , 

The nund)er of comets belonging to our systemtcannot be as- 
certained, as some of them are several centuries betore they make 
Aeir reappearance.^ The ntimber that are known by their re^- 
lar reappearance is, I believe, only three, although their whole 
number is very considerable. 

Ermbf. Pi^ay* Mrs. B., what are the constellations ? 

Mrt.'jB, 'J They are the fixed stars; which the ancients, in or- 
der to recognise them, formed into groups, and gave the names 
of the figures, which you find delineated on the celestial globe. 
In order to show their proper situations in the heavens, they 
si^uld be painted on the internal surface of a hollow sphere, 
firom the centre of which you should view them ; you would then 
behold them as they appear to be situated in the heavens. The 
twelve constellations, called the signs of the zodiac, are those 
which (are so situated, that the earth, in its annual revolution, 
passes directly between them, and the sun.) Their names are 
Aries, Taurus, Ghemini, Cancer, Leo, Virgo, Libra, Scorpio^ Sa- 
gittarius, Capricomus, Aquarius, Pisces^ the whole occupying a 
complete circle, or broad belt, in the heavens, called the zodiac 
(plate 8. fig. 1.) Hencev'a risht line drawn from the earth, and 
passing through the sun, wonl" reach one of these constellations, 
and the sun is said to bie in that constellation at which the line 
terminates: thus, when the earth is at A, tlie "Sttn would appear 
to be in the constellation or sign Allies ; when the earth is at B, 
the sun would appear in Cancer ; when the earth was at C, the 
sun would be in Libra; and when the earth was at D, the^un 
would be in Capricorn^ You are aware that It is the real motion 
of the earth in its orffit^i^hich gives to the sun tliis apparent 
motion through the sigiw. This circle, in which the sun thus 
appears to move, and whicli passes thi-ough the middle of the 
zodiac, is called the ecliptic. 

Caroline. But many of the stars in these constellations ap- 
pear beyond the zodiac. 

31. What do the comets resemble, and wbtit fli|i!karkable in their orbits? 
32. What is said of the number of comdts? 33. What is a consteUation? 

34. How «re the twelve constellationsr or signs, called the zodiac, situated? 

35. Name them. 36. What is meant by the sun being in a sign ? 37. What 
causes the apparent change of the sonV place .^ ' 
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3^8. B. We have no means of ascertaining liie distance of 
the fixed stars. When, therefore, thej are said to be in the 
zodiac, it is merely implied that they are situated in thai direc* 
tion, and that tiiey shme upon us through that portion of the 
heal^ens, which we call the zodiac. 

Emily, But are not those large bright stars, whicl^ are called 
stars of the first mi^nitude, nearer to us, than those smsdl ones 
which we can scarcely discern? 

Mm. B. It may tie so ; or the difference of wze and brillian- 
cy of the stars may proceed/ from their difference of dimensions;') 
this is a point which astronomers are not enaUed to determine. 
Considenng them as suns, I see no reason why different suns 
should not vary in dimensions, as well as the Janets belonging 
to them. 

Emily. What a wonderful and beautiful system this is, and 
how astonishing to think that every fixed star may probably be 
attended by a similar train of planets ! 

Caroline. You will accuse me of being very incredtttois, but 
I cannot help still entertaining some doubts, and fearing that 
there is more beauty than truth in this system. It certainly may 
be so; but there does not appear to me to be suffici^it ev^enc^ 
to prove it. It seems so plam and obvious that the eaHii is mo- 
tionless, and that the sun and stars revolve round it;— your sohir 
system, you must allow, is directly in opposition to the evidence 
of our senses. 

Mrs. B. Our senses so often mislead us, that we should not 
place implicit reliance upon them. 

Caroline. On what tnen can we rely, for do we not receive 
all our ideas through the medium of our senses ? 

Mrs. B. It is true that they are our primary source of know- 
led^ ; but the mind has the power of reflectmg, jud^ng, and 
deciding upon the ideas received by the oreans of sense. 11^ 
faculty, which we call reason, has frequency proved to us, that 
our senses are liable to err. If you have ever ssuled on the water, 
with a very steady breeze, you must have seen the houses^ trees^ 
and every object on the shore move, while you were sailing. 

Caroline. I remember thinking so, when I was venr ^oung; 
but I now know that their motion is only apparent. It is true 
that my reason, in this case, corrects the error of my sight. 

Mrs. B. ' It teaches you, that the apparent motion of the ob- 
jects on shore, proceeds from your beii^ yourself moving, and 
that you are not sensible of your own motion, because you meet 
with no resistance."^ It is only when some obstacle impedes our 
motion, that we are conscious of moving; and if you were to 

38. The stars appear of different magnitudes, by what may thia be caused ? 
3d. We are not sensible of the motion of the earth; what fact is mentioned to 
iUastrate this point ? 40. AN^at does this teach us.^ 
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close jour eyes when you were satLk^ on calm water, with a 
steady wind, you woula not perceive tnat you moved, for you 
could not feel it, and you could see it only by observing the 
change of place of the objects on shore. So it is with the motion 
of the eartn : every thing on its surface, and the air that surrounds 
it, accompanies it in its revolution ; it meets with no resistance : 
therefore, like the crew of a vessel sailing with a fair wind, in a 
calm sea, we are insensible of our motion. 

CaroUne. But the principal reason why the crew of a vesstl 
in a calm sea do not perceive their motion, is, because they move 
exceedingly slow, while the earth, you say, revolves with great 
velocity. 

Mr»* B, It is not because they move dowly, but because tliey 
move steadily, and meet with no irregular resistances, that the 
crew of a vessel do not perceive their motion j for they would be 
equally insensible to it, with the strongest wind, provided it . 
it were steady, that they sailed vvrith it, and that it did not agi- 
tate the water ; but this last condition, you know, is not possible, 
jfor the wind will always produce waves which offer more or less 
resistance to the vessel, and then the motion becomes sensible, 
because it is unequal. 

Caroline. But, granting this, the crew of a vessel have a 
proof of their motion, which the inhabitants of the earth cannot 
have, — ^the apparent motion of the objects on shore, or their hav- 
ing passed fn>m one place to another. 

Mr8. B. Have we not a similar proof of the earth's motion, 
in the apparent motion of the sun and stars ?/ Imagine the eardi 
to be sailing round its axis, and successively passing by every 
star, which, like the objects on land, we suppose to be moving 
instead of ourselves. I have heard it observed by an aerial tra- 
veller in a balloon, that the earth appears to sink beneath the 
balloon, instead of the balloon rising above the earth. 

It is a law which we discover throughout nature, and worthy 
of its ^eat Author, that all its purposes are accomplished by the 
most sipiple means ; and what reason have we to suppose this 
law infringed, in order that we may remain at rest, while the 
sun and stors move round us ; their regular motions, which are 
explained by the laws of attraction, on the first supposition, would 
be unintelligible on the last, and the order and harmony of the 
universe be destroyed. ^ Think what an ipimense circuit the sun 
and stars would make daily, were their apparent motions, real.. 
We know many of them, to be bodies more considerable than our 
earth ; for our eyes vainly endeavour to persuade us, that they 

41. Would the slowness, or the rapidity of the motion, if steady, produce 
any sensible difierencef ^. If we do not feel the motion of the earth, how 
may we be convinced of its reality? 
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are fiWe beilUaiits gpoilding in ihe he^rens ; while science teaches 
us that they are immease ^heres, whose apparent dimensions 
are diminicmed by distance. Why then should these enormous 
a^>be8 daily trav^^e such a prodigious space, merely to prevent 
Sie necessity of our earth's revolving on its axis ? 

CkaroHne. I think I must now b^ convinced. But you will, I 
hepe, allow me a little time to familiarise to myself, an idea so 
dmerent from that which I have been accustomed to entertain. 
And pray, at what rate do we move? 

Mrs, JD, The motion produced by the revolution of the earth 
on its axis, is^about seventeen miles a rninute^^ to an inhabitant 
on the equator.'' ^ 

EmUy. But does not every part of the earth move with the 
same velocity ? 

Mrs. B, A moment's reflection would convince you of the 
contrary y^ a person at the equator must move quicker than one 
situated near the poles, since they botli perform a revolution in ' 
24 hours. > 

EmUy, True, the equator is farthest from the axis of motion. 
But in the earth's revolution jround the sun, every part must 
move with equal velocity P 

Mrs. B, Yes, about a^housand miles a minute. J 

Caroiine. How astonishing !— and that it should be possible 
fw us to be insensible of such a rapid motion. You would not 
tell me this sooner, Mrs. B., for fear of increasing my incredulity. 

Before tlie time of Newton, was not ithe eartS supposed to be 
in the centre of the system, and the sun,^ moon, and stars to 
revolve round it ? 7 

Mrs. B. This was the system of Ptolemy, in ancient times ; 
but as long ago as the beginning of the sixteenth century it was 
generally discarded, and(the solar system jj such as I have shown 
you> was established by me celebrated astronomer Copernicus, 
and is hence called the Copernican system. -But the tneory of 
gravitation, the source from which this beautiful and harmonious 
arrangement flows, we owe to the powerful genius of Newton,, 
who lived at a much later "period, and who demonstrated its 
truth. 

Emily. It appears, indeed, far less difficult to trace hy obser- 
vation the motion of the planets, than to divine by what power 

43. Were we to deny the motion of the earth upon itsi axis, what must we 
admit respecting the heavenly bodies ? 44. What distance' is an inhabitant on 
the equator carried in a minute by the diurnal motion of the elulh ? 45. Why 
is not the velocity every where equally great? 46i What distance does the 
earUi travel in a minute,^ in its revolution round the sun ? 47. What was 
formerly supposed respecting the motion of all the heavenly bodies ? 48. What 
do we mean by tiie Copernican system, and what is said respecting Coper- 
nicna and Newton? 

H2 
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they are impelled and guided, i wonder how the idea of gra« 
vitation could first have occurred to sir Isaac Newton ? 

Mr8, B, It is said to have been occasioned bj a circumstance 
from which one should little have expected so grand a theory to 
have arisen. 

During the prevalence of the plague in the year 1665^ewtonJ) 
retired into the country to avoid the contagion ^hen sitting one 
day in an orchard, he observed an apple fall Trom a tree, and 
was led to C9nsid^r what could be the cause which brought it to 
the ground, i 

Caroline." If I dared to confess it, Mrs. B., I should sa^r that 
such an inquiry indicated rather a deficiency than a superiority 
of intellect. I do not understand how any one can wonder at 
what is so natural and so common. 

Mrs. B. It is the mark of superior genius to find matter for 
wonder, observation,'^ and research, in circumstimces which, to 
the ordinary mind, appear trivial, because they are common; and 
with which they are satisfied, because they are natural; withbut 
reflecting that nature is our grand field of observation, that with- 
in it, is contained our whole store of knowledge ; in a word, that 
to study the works of nature, is to learn to appreciate and ad- 
mire the wisdom of Crod. Thus, it was the simple circumstance 
of the fall of an apple, which led to the discovery of the laws 
upon which the Copernican system is founded; and whatever 
credit this system had obtained before, it now rests upon a basis 
from which it cannot be shaken. ' 

Emily. This was a most fortunate aBple^ and more worthy 
to be commemorated than all those that have been sung by the 
poets. The apple of discord for which the goddesses contended ; 
the golden apples by which Atalanta won the race; nay, even 
the apple which William Tell ^hot from the head of Ids son, can- 
not be compared to this ! "^ 

49. What circumstance is said to have given rise to the specolatioiM of 
Newton, on the subject of gravitation ? 




:xmh 




y Google 



CONVERSATION yiCL 



ON THE EARTH. 

OP THS TSRRXSTRIAL GLOBS.-^OF THE FIGURE OF THE BAKTU.^-WK 
THE PEITDULVM. — OF THE VARIATION OF THE SEASONS, AND OF THE 
LENOTH OF OATS AND NIGHTS. — OF THE CAUSES OF THE HEAT OF SUM- 
MER. — OF SOLAR, 8IDERIAL, AND E^UAL OR MEAN TIME. 

MRS. B. 

As the earth is the planet in which we are the most particu- 
larly interested, it is mj intention this morning, to explain to 
YOU the effects resulting from its annual, and diurnal motions ; 
but for this purpose, it will be necessary to make you acquainted 
with the terrestrial globe: you have not either of you, I conclude, 
learnt the use of the globes ? 

Carolifie. No; I once indeed, learnt by heart, the pames of 
the lines marked on the globe, but as I was informed they were 
only imaginary divisions, they did not appear to me worthy of 
much attention, and were soon forgotten. 

Mrs, B, You supposed, then, that astronomers had been at 
the trouble of inventing a number of lines, to little purpose. It 
will be impossible for me to explain to you the particular effects 
of the eartn's motion, without your having acquired a knowledge 
of these lines : in plate 8. fig. 2. you wUl find them all deline- 
ated : and you must learn them perfectly, if you wish to make 
any projciency in astronomy. 

Caroline, I was taught them at so early an age, that I could 
not understand their meaning ; and 1 have often heard you say, 
that the only use of words, was to convey ideas. . 

Mrs, B, A knowledge of these lines, would have convejred 
some idea of the manner in which they were designed to divide 
the globe into parts ;'althoudi the use of these divisions, might at 
that time, have been too difficult for you to understand • Child- 
hood is the season, when impressions* on the memory are most 
strongly and most easily made : it is the period at which a large 
stock oi terms should be treasured up, the precise application of 
which we may leam when the understanding is more developed. 
It is, I think, a very mistdcen notion, that children should be 
tau^t such things only, as they can perfectly understand. Had 
you been early made acquainted witn the terms which relate to 
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figure and motioiii how much it would have fiicilitated jour pro- 
gress in natural philosophy, I have been obliged to confine 
myself to the most common and familiar expressions, in explain- 
ing the laws of nature; although I am convinced that appropriate 
and scientific terms, might have conveyed more precise and ac- 
curate ideas, had you b^n prepared to understand them. 

EmUy. You may depend upon our carefully learning the 
names of these lines, Mrs. B.; out before we commit them to 
memory, will you have the goodness to explain them to us ? 

Mrs, B. Most willingly. This figure of a globe, or sphere, 
represents the earth ; the line which passes throu^ its centre, 
and on which it turns, is called its axis^and the two extremities 
of the axis A and B, are the poles,\listinmiished by the names 
of the north and the south pole. The circle C D, which divides 
the globe into two equal parts between the ]>oles, and equally 
distant from them, is called the equator, or equinoctial line^Rhat. 
part of the globe to the north of the equator, is the nomem 
hemisphere^ that part to the south of the equator, the southern 
hemisphere.> The small circle E F, which surrounds the north 
pole, IS called the (arctic circle; that G H, which surrounds the 
south pole, theUntarctic circle ;\thesesBre also called polar circles. 
There are two circles, intermediate between the polar circles and 
the equator; that to the north I K, called the\{ropic of Cancer; 
that to the south, L M, called the ^opic of Capncorn.'"* Lastly, 
this circle, L K, which divides the globe into two equal parts, 
crossing the equator and extending northward as far as the tro- 
pic of Cancer, and southward as far as the tropic of Capricorn, is 
called the ecliptic, ^he delineation of the ecliptic on tlie ter- 
restrial globe. is not without danger of conveying false ideas; for 
the ecliptic (as I have before said) is an imaginary circle in the 
heavens, passing through the middle of the zodiac, and situated 
in the plane of the earm's orbit. 

Caroline. I do not understand tlie meaning of the plane of 
the earth's orbit. ^ 

Mrs, JB. \ A plane, is an even flat surface. \WeTe you to bend 
a piece of wire, §o as to form a hoop, you mi^ht then stretch a 
piece of cloth, or paper over it, like the head of a drum J this 
would form a flat surface, which might be called the plane of the 
hoop. Now the orbit of the eartli, is an imaginary circle, sur- 
rounding the sun, and you can readily ima^ne a/ plane extend - 

1. What does the line A B, (fig. 2 plate 5.) represent, and what are its ex- 
tremities called? 2. What is meant by the equator, and how is it situated? 

3. There are two hemispheres; how are they named and distingui^ied? 

4. What are the drdes near the poles called? 5. What do the lines I K, 
and h M, refteBBut ? 6. What circle is in p^ represented by the liite (j K ? 
7. Against what mistake must you guard respecting this Un© ? 8. Whitt is 
xneant by a plane, and how could one be represented? 
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ing from one side of this circle to the other, ^ling up its whole 
areat such a plane would pass tiirough the centre of me sun, di- 
viding it into hemispheres. You may then imagine this plane 
extended beyond the limits of the earth's orbit, on every side, 
until it reached those fixed stars which form the signs of the zodiac; 
passing tiirough the middle of these signs, it would give you the 
place of that imaginary circle in 1}ie heavens, call the ^oliptic; 
which is the sun's apparent path: ; Let fig. 1. plate 9, represent 
such a plane, S the sun, E tlie earth with its orbit, and ABC 
D the ecliptic passing through the middle of the zodiac.') 

Emily. If the ecliptic relates only to the heavens, why is it 
described upon the terrestrial siobe ? 

Mrs. B. It is convenient for the demonstratioi^ of a vaiiety 
of problems in the use of the globes; and besides^ the obliquity 
of this circle to the equator is rendered more conspicuous by its 
being des9ribed on the same globe; and the obliquity of the eclip- 
tic shows how much the earQi's axis is inclined to the plane of 
its. orbit. But to return to fig. 2. plate 8. 

The spaces between the several parallel circles on the terresr 
trial globe are called zones: that which is comprehended jbetween 
the tropics is distinguished by the name of the torrid z6ne; the 
spaces which extern from the tropics to the polar circles, the 
north and south temperate zones;^|ind'the spaces contained with- 
in the polar circles,' the frigid tones. By the term zone is 
meant a belt, or girdle, the frigid zones, however, are not belts, 
but circles, extending 23 ^ degrees from their centres, the poles. 

. The several lines which, you observe to be drawn from one pole 
to the other, cutting the equator at right angles,, are called meri- 
dians; the number of these is unlimited, as a line passing through 
any place, directly to the poles, is called the meridian of that 
place. When any one of these meridians is exactly Opposite to 
the sun, it is mid -day, or twelve o'clock in the day, at all the 
places situated any where on that meridian; and, at the places 
situated on the opposite meridian, it is consequently midnight 

Emily. To places situated equally distant from these two 
meridians, it must then be six o'clock. 

9. Describe what is intended by the plane of the earth's orbit. 10. Ex- 
tending this plane to the ixed stars, wh^it circle would it form, and among 
what particular stars would it be found? 11. What is fig. 1. plate 9, design- 
ed to represent ? 12. The ecliptic does not properly belong to the earth, for 
what purpose then is it described on the terrestrial globe ? 13. What does 
*the obliquity of the ecliptic to the equator serve to show ? 14. Within what 
limits do you find the torrid zone ? 15. What two zones are there between 
the torrid, and the two firigid zones ? 16. Where are the frigid zones situat- 
ed? ' 17. What is meant by the term zone ; and are the frigid zones properly 
so called? 18. How do meridian lines extend, and what is meant by the 
meridian of a place ? 19. What is said of the meridian to which the* sun is 
ppporite, aqd where is it then midnight ? 
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Mrs. JB* Yes;»if they are to the east of the sun's meridian it 
is six o'clock in tiie afternoon, because they will have jweviously 
parsed the sun^ if to the west, it is six o'clock in the morning, 
and that meridian will be proceeding towards the sun. 

Those circles which divide the globe into two equal parts, 
such as the equator and the ecliptic, ai'e called greater circles; 
to distinguish them from those which divide it into two unequal 
parts, as the tropics, and polar circles, which are called lesser 
^circles. All circles, you know, are imagined to be divided into 
' 360 equal parts, callfed degrees, and degrees are again divided 
into 60 equal parts, called minutes. The diameter of a circle is 
a right line drawn across it, and passing through its centre; were 
you, for instance, to measure across this round table, that would 
give you its diameter; but were you to measure all round the edge 
of it, you would then obtain its circumference. 

Now Emily, you may tell me exactly how many degrees are 
contained in a meridian? . 

^Emily. A meridian, reaching from one pole to the other, is 
tedf a circle, and must therefore contain \ 80 degrees. . 

Mrs, JB, Very well; and what number of degrees are there 
from the equator to one of the poles? 

Caroline, The equator being equally distant from either pole, 
that distance must be half of a meridian, or a quarter of the cir- 
cumference of a circle, and contain;90 degrees 

Mrs. B. Besides the usual division of circles into degrees, 
the ecliptic is divided into twelve equal parts, called signs, which 
bear the name of the constellations through which this circle 
passes in the heavens. The degrees measured on the meridians 
from the equator, either towards the north, or towards the south, 
are called degrees of latitude, of which there may be 90; those' 
^ measured from east to west, either on the equator, or toy of the 
lesser circles^ are called degree^s of longitude, of which there 
maybe 180; ipiese lesser circles are also called parallels , of lati- 
tude. Of til^e parallels there?" may be any number; A circl^ 
drawn from east to west^ at any distance from the equator, 
will always be parallel to it, and is therefore called a parallel ot. 
latitude., 

20. What hour is it then, at places exactly half way between these meti- 
3BanB? 21. How are greater and lesser circles distinguished?' 22. What 
part of a circle is a degree, and how are these further divided ? 23- What is 
the diameter, and what the circumference of a circle, and what proportion 
do they bear to' each other? 24. What part of a circle is a meridian I 

25. How many degrees are there between the equator and the poles? 

26. Into what parts, besides degrees, is the ecliptic divided ? 27. How are 
degrees of latitude mesisured, and to what number do they extend ? 28. On 
what circles are degrees of longitude measured, and to what number do they 
extend ? 29. What is a parallel of latitude.^ 
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JBmUy. The degrees of longitude must then vary in lengthy 
according to the dimensions of me circle on which they are reck- 
oned; those, for instance, at the polar circles, will be considerably 
smaller than those at the equator? 

Mrs. JS. Certainly;/ since the degrees of circles of different 
dimensions do not vary ih number, they must necessarily vary in 
length. ; The degrees of latitude, you may observe, never varv in 
length; 'for the meridians on which they are reckoned are all of 
the same dimensions. 

Emily. And of what length is a de^ee of latitude? 

Mrs. B. i Sixty geographical miles,\ which is equal to 605 
English statute miles; or about one^sixth more than a common 
mile. 

Emily. The degrees of longitude at the equator, must then 
be of the same dimensions, with a degree of latitude. 

Mrs. B. They would, were the earth a perfect sphere; but it 
is not exactly such, being somewhat protuberant about Ihe 
equator, and flattened towards the poles. This form proceeds 
^ from the superior action of the centrifugal power at the equator, 
and as this* enlarges the circle, it must, in the same proportion, 
increase the lengm of the degreefe of longitude measured on it.^ - 

Caroline. I thought I had understood the centrifugal force 
perfectly, but I do not comprehend its effects in this instance. 

Mrs. B. You know that the revolution of the earth on its axis, 
must give to every particle a tendency to fly off from the cen- 
tre, that this tendency is stronger, or weaker, m proportion to the 
velocity with which the particle moves; now a particle situated 
near to one of tiie poles, makes one rotation in the same space 
of time as a particle at the equator; the latter, tiierefore, having 
a much larger circle to describe, travels proportionally faster, 
consequently the centrifugal force is much stronger at the equa- 
tor than in this polar re^ons: it gradually decreases as you leave 
the equator and approach the poles, at which points the cen- 
trifugal force, entirely ceases. Supposing, therefore, tlie earth 
to have been ori^nally in a fluifl state^ the particles in the torrid 
zone wbuld recede much farther from the centre than those in the 
frigid zones; thus' the polar regions would become flattened, and 
those about the equator elevated- ^ • 

As a large portion of tiie eafth is covered with water, the 
Creator gave to it the form, denominated an oblate spheroid, 
otherwise the polar regions would have been without water, 

30. Degrees of longitude vary in length; what is the cause of this? 

31. What is the length of a degree of latitude, and why do not these vary? 

32. What causes the equator to he s6mewhat larger than a great circle passing 
through the poles, and what efibct has this eiMtegrees of longitude measured 
on the equator? 33. What \% the cause of thia form being given to Qkt 
earth? 
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and those about the equator, would have been buried several 
miles below the surface of the ocean. 

Caroline, I did not consider that the particles in the neigh- 
bourhood of the equator, move with greater velocity than those 
about the poles; this was the reason 1 could not understand you. 

Mrs. if. You must be careful to remember, that those parts 
of a body which are farthest from the centre of motion, must move 
with the greatest velocity: the axis of the earth is the centre of 
its diurnal motion, and tne equatorial regions the parts most dis- 
tant from the axis. 

Caroling My head then moves faster than my feet; and upon 
ihe summit of a mountain, we are carried round quicker than in 
i valley? 

Mrs. B, Certadnly; your head is more distant from the cen- 
k*e of motion than your feet; the mountain-top than the valley; 
md the more distant any part of a body is from the centre of mo- 
tion, the larger is the circle it will describe, and the greater 
therefore must be its velocity. 

Emily. I have been reflecting, that if the earth is not a per- 
fect circle*— 

Mrs. B. A sphere you mean, my dear: a circle is a round 
line, every pai't of which is equally distant from the centre; a 
sphere or globe is a round body, the surface of which is every 
where equally distant from the centre. 

Emily. If, then, the earth is not a perfect Sphere, but pro- 
minent at the equator, and depressed at the poles, would not a 
body weigh heavier at the equator than at the poles? For the 
eartn being tliicker at the equator, the attraction of gravity per- 
pendicularly downwards must be stronger. 

^Mrs. B. Your reasoning has some plausibility, but I am 
sorry to be obliged to add, tliat it is quite erroneous; for the 
nearer any part of the surface of a body is to the centre of attrac- 
tion, the more strongly it is attracted; because it is then nearest 
to the whole mass of atti-acting matter. In regard to its eflfects, 
you might consider the whole power of gravity, as placed at the 
centre of attraction. , 

Emily. But were you to penetrate deep into the earth, 
would gravity increase as you approached the centre? 

Mrs. B. Certainly not; I am referring only to any situation 
oin the surface of the earth. Were you to penetrate into the inte* 
rior, the attraction of the parts above you, wquld counteract that 
of the parts beneath you, and Consequently diminish the^power 
of gravity in proportion as you approach the centre; and if you 

34. What would have bees a consequence of the centrifugal force, had 
the earth been a perfect sphere? 35. A body situated at the poles, is at- 
tracted more forcibly than if placed at the equator, what is the reason f 
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reached fhdt point, being equallv-attracted by the piirts all arotod 
you, the effects of gravity would cease, ana ye« would be witii- 
out weight. 

EmUy. Bodies, then, should weigh less at the equator than 
at the poles, since tiiey are more distant from Ac centre of gra- 
vity in the former than in the latter situation? 

Mrs. B. And this is really the case^ but the difference of 
weight would be scarcely sensible, were it not augmented by ano- 
ther circumstance. ^ 

CaroHne. And what is this singular circumstance, which 
seems to disturb the laws of nature? 

Mrs, B. One that you are well acquainted with, as conduc- 
ing more to the pi^eservation than the destruction of order,— ^e 
centrifugal force. This we have just observed to be strongest at 
i^e equator; and as it tends to dnve bodies from the centre, it 10 
necessarily opposed to, and must lessen the power of gravity, 
which attracts them towards the centre. We accor(lingly find 
that bodies weigh lightest at the eauator, where the >centnfuga! 
force is greatest; and heaviest at tne poles, where this power is 
least: the weight being dimini^ed at the equator, by both the 
causes mentioned. 

Caroline. Has the experiment been made in these different 
situations? 

Mrs. B. Louis XIV. of France, sent j^losophers both to the 
equator, and to Lapland, for this purpose: the severity of the cli- 
mate, and obstruction from the ice, have hitherto rendered every 
attempt to reach the pole abortive; but the difference of gravity 
at the equator, and in Lapland is verv perceptible. 

(Caroline. Yet I do not comprehend how the difference of 
weight could be ascertained, for it the body under trial decreased 
in weight, the weight which was opposed to it in &e opposite 
scale must have diminished in the same proportion. For in- 
stance, if a pound of sugar did not weigh so heavy at the equator 
as at the poles, the leaden pound which served to weigh it, would 
not be so heavy either; therefore^ they would stiH balance each 
other, and the cUfferent force of giivity could not be ascertained 
by this means. ^ 

Mrs. B. Yc/ur observation is perfectly just: the difference 
of gravity in bodies situated at the poles, and at the equator, can- 
not be ascertained by weighing them;5 a pendulum was therefore 
used for that purpose. ' 

36. What effect would be produced upon the gravity of a body, were it 
placed beneath the surface of the earth, and what supposing it at its centre ? 
37. What two circumstances combine, to lessen the weight of a body on the 
equator ? 38. Why could not this be proved by weighing a body at the poles, 
and at the equator ? 

I 
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Caroline. What, ihe penduhim of a clock? how could tliat 
ansiirer tiie p^Orpose? 

Mrs. B. A pendulum consists of a line, or rod, to one end 
of which a weight is attached, and by the other end it is suspended 
to a fixed point,) about which it is made to vibrate. When not 
in motion, a pendulum, obeying the general law of attraction, 
hanes like a *plumb line, perpendicular to the surface of the 
earm, but if you raise the penaulum, gravity will bring it back to 
its perpendicular position. It will, however, not remain station- 
ary there, i^r the momentum it has acquired during its descent, 
will impel it onwards, and if unobstructed, it wul rise on tike 
/Opposite side to an equal height; from thence jit is brought back 
* by gravity, and is again forced upwards, by the impulse of its 
momentum. 

Caroline. If so, the motion of a pendulum would be perpetual, 
and I thought you said, that there was no perpetual motion on 
the earth. 

Mrs. B. The motion of a pendulum is opposed byf the resist- 
ance of the air in which it vibrates, and by the friction of the part 
by which it is suspended: were it possible to remove these obsta- 
cles, the motion of a pendulum would be perpetual, and its vibra- 
tions* perfectly regular; each being of equal distance, and per- 
formed in equal times. 

Emikf. That is the natural result of the uniformity of the 
power which produces these vibrations, for the force o4 gravity 
Deing always fhe same, the velocity of the^pendulum must conse- 
quently be un^orfn. 

Caroline. No, Emily, you are mistaken; the force is not 
every where the same, and therefore the effect will not be so 
either. I have discovered it, Mrs. B.; since the force of gravity 
is less at the equator than at the poles, the vibrations of the pen- 
dulum will be slower at the former place than at the latter. 
• Mrs. B. You are perfectly right, Caroline; it was by this 
means that the difference of gravity was discovered, and the true 
figure of the earth ascertained. 

Emily. But how do they contrive to regulate their time in 
the equatorial and polar regions? for, since in our part of the 
earth the pendulum of a clock vibrates exactly once in a second, 
tf it vibrates faster at the poles, and slower at the equator, the 
inhabitants must regulate their clocks in a manner different 
from us. 

Mrs. B. The only alteration required is to lengthen the pen- 

39. What is a pendulum ? 40. What causes it to vibrate ? 41. Why arc 
not its vibratioris perpetual ? 42. Two pemlulums <^ the same len^, will 
not, in different latitudes, perform their vibrations in equal times, what is the 
cause of thb ? 4S. To what use has this property of the pendulum beeii ap- 
plied i 
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^ dulum in one case, and to shorten it in ihe other; for the velocity 
' of the vibrations of a pendulum depends -on its lengthi and wheii 
it is said that a pendulum vibrates quicker at the pole than at the 
equator, it is supposed to be of the same length. A pendulum 
which vibrates seconds in this latitude is about 39} inches 
long. In order to vibrate at the equator in the same space of 
time, it must be somewhat Shorter ;\ and at the poles, it must 
be proportionally lengthened. ^ 

The vibrations of a pendulum, resemble t|he despent of a body 
on an inclined plane,] a];d are produced by the same cause; now 
you must recollect, tnat^the greater the perpendicular hei^t of 
such a plane, in propor^on to it^ len^h, the more rapid will be 
the descent of the bodjrii a short penaulimi ascends to a greater 
height than a larger one, in vibrating a given distance, and oi 
course its descent must be more rapid. 

I shall now, I think, be able to explain to you the cause of the 
variation of the seasons, and the difference in the length oi 
the days and nights in those seasons; both effects resulting from 
the same cause. 

In moving round the sun, the axis of the earth is not perpen- 
dicular to the plane of its orbit. Supposing this^ rQund table to 
represent the plane of the earth's orbit, and mis little globe, the 
earth ; throu^ this I have passed a wire, representing its axis 
and poles. In moving round the table, I do not hold the wire 
perpendicular to it, but obliquely. 

JEmily. Yes, I undierstand, the earth does not ^ round the 
sun in an upright position, its axis is slanting or jobli^ue; : and, it 
of course, forms an angle with a line drawn perpiendiculu' to the 
plane of the earth's orbit. 

Mrs. B. All the lines, which you learnt in jrour last lesson, 
are delineated on this little dobe; you must consider the ecHptic 
as representing the plane of the earth's orbit^ and the equator, 
which crosses the ecfiptfc in two places, then shows the d^ree of 
obliquity of the axis of the earth; which amounts to<£3i degrees, 
very nearly. The points in which the ecliptie intersects the 
equator, are called the equinoctial points. 

But I believe I shsdl render the effects of the obliquity of the 
earth's axis clearer to vou, by; Ae^ rev<dution of the littie ^obe 
round a candle, which shall represent the sun. (Plate IX 
fig. 2.) 

As I now hold it, at A, you see it in the situation in which it is 

44. What change must be made in pendulums situated at the equator and 
at the poles, to render their vibrations equal f 45. What do the ^vibrationi 
of a pendulum resemble, and why will it vibrate more rapidly if shortened ? 
46. In the revolution of the earth round the sun, what is the position of its 
axis ? 47. How much is the axis of the earth indined, and with wluit line 
does it form this ang^le ? 48. What is represented by fig^. S, plate 9 f 

Digitized by VjOOQ IC 



190 qtff THE £ARTK. 

m the midst of summer, or what is called the summer solstice, 
which is OE the £lst of June. 

ErnfJy. You hold the wire awrj, I suppose, in order to show 
fe«.t the axis of the earth is not upnght? , , , { 

Mrs* B. Yesj in summer, the north pole is inclined^towards 
ihe 8un.^ In this season, therefore, th6 northern hemisphere en- 
joys muth more of his rays than the southern* , The sun, you 
see, now shines over the whole of the north frigid zone, and not- 
withstanding the earth's diurnal revolution, which I imitate by 
twirling the ball on the wire, it will continue to shine upon it as 
tons as it remains in this situation, whilst the south frigia zone is 
^t we same time completely in darkness. 

CJaroline. That is very strange; I never before heard that 
there was constant day or night in any part of the world! How 
much happier the inhabitants of the north frigid zone must be 
than those of the southern) the first enjoy uninterrupted day, 
while the last are involved in perpetual darkness. 

Mrs. B. You judge with too much precipitation; examine a 
little further, and you will find, that the two frigid zones share 
«a equal fate. 

We shall now make the earth set off from its position in the 
summer solstice, an J carry it fOUnd the sun} observe that the 
pole is always inclined in the same direction, and pointsito the 
same spot in the heavens. There is a fixed star situated near 
that spot, which is hence called the north polar star. Now let 
us stop the earth at B, and examine it in its present situation f it 
has gone through one quarter of its orbit, and is arrived at that 
|Kiint at which tne ecliptic cuts, or crosses, the equator, and which 
IS called the autumnal equinox. 

JSmiljj. The sun now shines from one pole to the other^ust as 
it would constantly do, if the axis of the earth were perpendicu- 
lar to its orbit t 

Mrs. B. Because the inclination of tiie axis is now neither 
towards the sun, nor in the contrary direction; at this period of the 
year, the days and nights are equid in every part of the earth. 
But <he next step she takes in ner orbit, you see, involves the 
north pole in darkness, whilst it illumines that of the south; this 
change was gradually preparing as I moved the earth from sum- 
mer to autumn; the arctic circle, which was at first entirely 
illumined, besan to have short nights, which increased as the 
oarth apjnroacned the autumnal equinox; and the instant it pass- 
ed that point, the long night of the north pole commences, and 

49. H*w is the north pole inclined in the middle of our summer, and 
-what eijfect has this on the north fri^d zone ? 50. In what direction does 
the north pole always point? 5 1 . What is shown by the position of the earth 
at B, in the figure ? 52^ How does the sun then shme at the poles, and what 
it the effect on the days and nights ? 
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Ihe south pole begins to eBJoj the light of the s^. We shall 
now make the earth proceed in its orbit, and you may observe 
that as it advances, the days shorten and the nights lengthen, 
throughout the northern hemisphere^until it arrives at the win- 
ter solstice, on the 21st of December, when the north frigid zone 
is entirely in darkness, and the southern has uninterrupted day- 
light '. ' 

Carolina. Then, after all, the sun which I thought so partial, 
confers his favours equally on all. 

Mrs. B. Not so either: the inhabitants of the torrid zone 
have much more heat than we have, as the sun's rays falj per- 
pendicularly twice in the course of a year, on every place within 
the tropics, while they shine more or less obliquely on the 
rest of the world, and almost horizontallj«aft the polesf for dur- 
ing their long day of six months^ the sun moves round' their ho- 
rizon without either rising or setting^, the only observable dif- 
erence, is that it is more elevated by a' few degrees a,t mid-day, 
than at midnight. 

Emily. To a person placed in the temperate zone, in the 
situation in which we are m England, the sun will shine neither 
so obliquely as it does on the poles, nor vertically as at the 
equator; but its rays will fall upon Mm more obliquely in au- 
tumn^ and winter, than in summer. 

Caroline. And therefore, the inhabitants of the temperate 
zones, will not have me^-ely one day, and one night, in the year, 
as happens at the poles, nor will they have equal days, and equal 
nights, as at the equator; but their days and nights will vary in 
length, at different times of the year, according as their respec- 
tive poles incline towards, or from the sun, and the difference ¥dll 
be greater in proportion to their distance from the equator. 

Mrs. B. We shall now follow the earth througn the other 
half of her orbit, and you will observe, that now exactly the 
same changes take place in the southern hemisphere, as those we 
have just remarked in the northern. Day commences at tiie 
south pole, when night sets in at the north pole; and in every 
other part of the southern hemisphere the days are longer than 
the nights, while, on the contrary, our nights are longer than 
our days.^ When the earth arrives at the vernal equmox, D, 
where the ecliptic again cuts the equator, on the 21st of March, 
she is situatea, with respect to the sun, exactly in the same 
position, as in the autumnal equinox; and the only difference 

53. When the earth has passed the autumnal equinaz, what changes take 
place at the poles, and also in the whole northern and southern hemispheres f 
54. Why is the heat greatest within the torrid zone ? 55. How does the sub 
appear at the poles, during the period of day there ? 56. In what will the days 
and nights differ in the temperate zone, from those at the poles, and jit the 
^uator ^ 

I 2 
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yriik respect 16 the earth, is, Ihat it is new autumn in til6 
southern hemfepihere, whilst it is spi^ng with us. • 

CaroHm. Then jthe dajs and nights are again every where 
equal. . 

Mn. B. Yes, for the lialf of the slobe which is enlightened, 
extends exactly from one pole to the other, the sun nas just 
risen to the north pole, and is just setting to tiie south pole; but 
in every other part of the globe, the day and ni^ht is of twelve 
hours length; hence the word equinox, which is derived from 
the Latin, meaning equal night. 

As our summer advances, the days lengthen in the northern 
hemisphere, and shorten in the southern, till the earth readies 
the summer solstice^^ when the north frigid zone is entirely 
illumined, and the southern is in complete darkness; ^ and we 
have now brou^t the earth again to the spot from whence we 
first accompanied her. 

EmUy. This is indeed a most satisfactory explanation of the 
cause 01 the different lengths of our days and nights, and of 
the variation, of the seasons; and the more I learn, the more I - 
admire the simplicity of means by which such wonderful effects 
are produced. 

mra. B. I know not which is most worthy of our admiration, 
the causes, or the effects of the earth's revolution round the sun. 
The mind can find no object of contemplation more sublime, 
■tlian the course of this magnificent globe, impelled by the com- 
bined powers of projection and attraction, to roll in one invaria- 
ble course, around me source of light and heat: and what can be 
more d^iffhtful than the beneficent effects of this vivifjdng 
power on its attendant planet. It is at once the grand pnnci- 
ple which animates and fecundates nature. 
, Emily^ There is one circumstance in which this little ivory 
globe appears tq me to differ from the earth; it is not quite dark 
on that side of it which is turned from the candle, as is the case 
with the earth wl^en neither moon nor st^rs are visible. 

Mrs. B. This is owing to the light of the candle, being re- 
flected by the walls of the room»,on e\ery part of the elobe, con- 
sequently tliat side of the ffl^, on wmcn the candle does not 
directly shine, is not in totsd ^rkness. Now the skies have no 
walls to reflect the sun's light on tiiat side of our earth which is 
in darkness. 

CaroUne, I beg vour pardim, Mrs. B., I think that the moon^ 
and stars, answer the purpose of walls in reflecting the sun's 
light to us in the n^ht * ^^ 

57. Trace the earth from the winter solstice to the vernal equinox imd in- 
form me what changes te^e place. 58. What takes place at Uie time of the 
vernal equinox, and what is meant by the term? 59. In proceeding A<^atke 
Temal equinox to the summer solstice, what changes take pla^d? 
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Mrs. JB. Very well, Caroline; that is to say, the moon and 
planets; for the fixed stars, you know, shine by tii^r own light.. 

Emily. You say, that the superior heat of the equatorial 
parts of the earth, arisea/from the rays falling perpendicularly 
on those regions, whilst they fall obliquely on these more north- 
em regionsT| now I do not understand why perpendicular r^ys 
should affora more heat tlian oblique rays. 

Caroline. You need only hold your hand perpendicularly 
over the candle, and then hold it sideways obliquely, to be sen- 
sible of iutie difference. 

Emily. I do not doubt the fact, but I wish to have it explained. 

Mrs. B. You are quite right; if Caroline had not been satis- 
fied with ascertaining the fact, without understanding it, she 
would not have brought forward the candle as an illusti^ation; 
the reason why you feel so much more heat if you hold jrour 
hand jjerpendicularly over the candle, than if you hold it side- 
ways, is because a stream of heated vapour constantly ascends 
from the "candle, or any other burning body, which being lighter 
than the air of the room, does not spread laterally but nses per<' 
pendicularly, and this led you to suppose that the rays were 
notter in the latter direction. Had you reflected, you would 
have discovered that rays issuing from the candle sideways, are 
no less perpendicular to your hand when held opposite to them, 
than the rays which ascend wh^ your hand ifr neld over them. 

The reason why the sun's rays afford less heat when in an 
oblique direction, than when perpendicular, is because fewer of 
them fall upon an equal portion of the earthy this will be under- 
stood better by referring to plate 10. fig.-'l, which re^n-esents 
, two equal portions of the sun's rays, shinins upon different parts 
•of the earth. Here it is evident, that the same quantity of 
rap fall on the space A B, as fall on the space B C; and as A 
B is less than B C, the heat and light will oe much stronger in 
the fonner than in the latter; A B, you see, represents the 
equatorial regions, where the sun shines perpendicularly; and B 
C, the temperate and frozen climates, where his rays ndl more 
obliquely. 

^mily. This accounts not only for the greater heat of the 
equatonal regions, but for the greater heat of our summers, as 
the sun shines less obliquely in summer than in winter. 

Mrs. B. This you will see exemplified in figure 2, in which 
the earth is represented, as it is situated on the Slst of June, 
and England receives less oblique, and consequently a greater 

60. From what cause arises the superior heat of the equatorial regions ? 
61. Why should oblique rays afford less heat than those wl^pih are perpendi- 
eular ? 62. How is Uiis explained by fig. 1. plate 10? 63. How do you ac- 
eount for the superior heat of summer, and how ii this exemplified m fig. S 
and 3, plate 10? 
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number of rays, tkan at any other season; and igait 3, skows 
the situation of England on the 21st of December, when the 
rays of the sun fall most obliquely upon her. ; But there is also 
another reason why oblique rays give less heat, than perpendi- 
cular rays; which is, that they have a greater portion of me at- 
mosphere to traverse^ and though it is true, that the atmos|^ere 
is itself a transparent body, freely admitting the {>assage of the 
sun's rays, yet it is always loaded more or less with dense and 
foggy vapour, which the ntjrs of the sun cannot easily penetrate^ 
therefore, the greater the quantity of atmosphere the sun's rays 
have to pass through in their way to the earth, the less heat they 
will retain when they reach it This will be better understood, 
by referring te fig. 4. The dotted line round the earth, de- 
scribes the extent of the atmosphere, and the lines which pro- 
ceed from the sun to the earth, the passage of two eijual por- 
tions of the sun's rays, to tlie equatorial and polar regionsj the 
latter you see, from its greater obliquity, passes throu^ a great- 
er extent of atmosphere. 

Caroline. And this, no doubt, is the reason why the sun, in 
the morning and in the evening, ^ves so much less heat, than 
at mid -day. 

Mr9. B. The diminution of heat, morning and evening, is 
certainly owing to the greater(obliquity of the Sin's rays^f and 
they are also affected by the other, both the cause, which x have 
just en)lained to you; the diffiiiulty of passing through a foggy 
atmosphere is pemaps more particularly applicable to them, as 
mist and vapours are prevalent about the time of sunrise and 
sunset. But the diminished obliquity of the sun^s rays, is not 
the sole cause of the heat of summer; the length of the days 
greatly conduces to it; for the longer the sun is above the hori- 
zon, the more heat he will communicate to the earth. 

Caroline. Both the longest days, and the most perpendicular 
rays, are on the 21st of June; and yet the greatest heat prevails 
in July and ^^ugust. 

Mrs. B. Those parts of the earth which are once heated, 
retdn the heat for some length of time, and the additional heat 
they receive, occasions an elevation of temperature, although 
the days begin to shorten, and the sun's rays to fall more od-. 
liquely. For the same reason, we have generally more heat at 
^ee o'clock in the afternoon, than at twelve, when the sun is 
on the meridian. 

64. What other cause lessens the intensi^ of oblique rays ? 65. How is 
this explaia^d br fig. 4? 66. What causes conspire to lessen the solar heat 
in the morning 4hd evening? 67. The greatest heat of summer is after the 
solstice, aiid the greatest heat of the day, after 12 o'clock, although the sunli 
rays arc then moat direct, how is this accounted for ? 



d by Google 



ON THE BA&TK« 10^ 

Emihf. And pray, have the other planets the same vidssi- 
tades of seasons, as the earth? ^ 

Mrs. B. ' Some of thend more, some less^ according as their 
axes deviate piore or less from the perpendicular, to the plane of 
their orbits. The axis of Jumter, is nearly perpendicular to the 
plane of his orbitfthe axes ot Mars, and of Saturn, are each, in- 
clined at angles of about sixty degreesj whilst the axis of Venus 
is believed to be elevated only fifteen or twenty dc^ees above 
her orbitj the vicissitudes of her seasons must therefore be con- 
siderably greater than ours. For further particulars respecting 
the planets, I shall refer you to Bounycastle's Introduction to 
Astronomy. 

1 have but one more observation to make to you, relative to 
the earth's motion; which is, that although we have but 365 days 
and nights in the year, she performs^366 complete revolutions on 
lier axis, during that time. • ^ 

Caroline, now is that possible? for every complete revolu- 
tion must bring the same place back to the sun.^ It is now just 
twelve o'clock, the sun is, therefore, on our meridian; in twen- 
ty-four hours vidll it not have retu^ed to our meridian again, 
and will not the earth have made a complete rotation on its 
atis? ■ - - ^- - 

Mrs. B. If the earth had no progressive moti<Hi in its orbit 
whilst it revolves on its axis, this would be the case; but as it 
advances almost a degree westward in its orbit, in the same time 
that it completes a revolution eastward on its axis, it must re- 
Tolve nearly one degree more in order to bring the same men* 
dian back to the sun. ' 

Caroline. Oh, yesl it will recjuire as much more of a second 
revolution to bring the same meridian back to the sun, as is equal 
to the space the earth has advanced in her orbit; that is, nearly 
a degree; this difference is, ho^vever, very little. 

Mrs. B, These small dailv pw^ons of rotation, arc each 
equal to the three hundred and sixty-fifth part of a eircle, which 
at the end of the ;;^ear amounts to one complete rotation. 

Emily. That is extremely curious* If the earth then, had 
no other than its diurnal motion, we should have 366 days in the 
year. 

Mrs. B. We should have 366 days in the same period of 
time that we now have 565; but if we did not revolve round the 
sun, we should have no natural means of computing years. 

You will be surprised to hear, that if time is calculated by tlie 

68. Is there any change of seasons in the other planets ? 69. What is said 
respecting the axes of Jupiter, of Mars, and of Saturn ? 70. In ^S days, 
how many times does the earth revolve on its axis? 71. How is this ac- 
counted for? ,7^ Do the fixed stars require the same tim;e as the sun, to r6«> 
iom to the same meridian ? 
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stars instead of the sub^ the irr^larity which we have just no^ 
ticed does not occur, and that one complete rotation of the earth 
on its axis, brings the same meridian back to any fixed star. 

EvnUy. . That seems quite unaccountable^ for the earth ad- 
vances in her orbit with regard to the fixed stars, the same as 
with regard to the sun. 

Mrs. B. True, but theiv the distance of the fixed stars is so 
immense, that our solar system is in comparison to it but a spot, 
and the whole extent of the earth's orbit but a point; 'therefore, 
whether the earth remain stationary, or whether it .evolved in 
its orlnt during its rotation on its axis, no sensible difference 
would be produced with regard to the fixed stars. One com- 
plete revolution brinss th^ same meridian back to the same fixed 
star; hence the fixed stars appear to go round the earth in a 
shorter time than the sun bj three minutes fifty-six seconds of 
time. 

Caroline. These three minutes fifty-six seconds is the time 
which the eartii takes to perform the additional three htmdred 
and sixty-fifth part of the circle, in order to bring the same me- 
ridian back to the sun. 

Mrs, B. Precisely. Hence the stars gain every d^ three 
immrtes Mt^msoM # oe o nd o ^a ike ^nm^ ^nrhicfa makes "^em roc that 
portion of time earlier every day. 

- When time is calculated by the stars it i^ called sidereal 
time j when by the sun, solar, or apparent time. 

Caroline. Then » sidereal day is tiiree minutes fifty-six se- 
conds shorter, 'than & solar day of twenty-four hours. 

Mrs. B. I must also esplain to you what is meant by a ade- 
real year. 

The common year, called the solar or tropical year, cont^- 
ing 365 days, five hours, fotty-eight minutes and fifty-two se- 
conds, is measured from the time the sun sets out from one of the 
equintnces, or solstices^ till it returns to the same again; but this 
year is completed, before the earth has finished one entire revolu- 
tion in its orbit. 

Emily. I thouj^t that the earth performed one complete re- 
volution in its OTbit, every year; what is the reason of tms varia- 
tion? 

Mrs. B. It is owing to the spheroidal figure of the earth. 
The elevation about the equator produces much the same effect 
as if a similar mass of matter, collected in the form of a moon, 
revolved round the equator. When this moon acted on the 
earth, in conjunction with, or in opposition to the sun, variations 

73. How is this accounted for ? 74. What is meant by the solar and the 
sidereal day ? 75. What is the differeoce in time between them ? 76. What 
is the leng^ ef the tropical year ?. 
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in tiie eariih's motion would be oocasioned, and these variatioiui 
produce what is called the precession of the equinoxes. ' 

EmUy. What does that mean? I thought the eqidnoctial 
points, were fixed points in the heavens, in which the equator 
cuts the ecliptic. 

Mrs. B. These points are not quite fixed, but have an appa- 
rently retrograde motion, among the signs of the zodiac; that is 
to say, instead of being at every revolution in the same place, 
they move backwards. Thus if the yemal equinox is at A, (fig. 
1. plate XL) the autumnal one, \vill be at B, instead of C, and the 
following vernal equinox, at D, instead of at A, as would be th^ 
case if the equinoxes were stationary, at opposite points of the 
earth's orbit. 

Caroline. So that when the earth moves from one equinox to 
the other, though it takes half a year to perform tiie journey, it 
has not travelled through half its orbit. 

Mrs. B. And, consequentiy, when it returns again to the 
first equinox, it has not completed the whole of its orbit. In 
order to ascertiun when the earth has performed an entire revo- 
lution in its orbit, /we must observe when the sun returns in con- 
junction with any^fixed star^, and this is called a sidereal year. 
Supposing a fixed star situated at £, (fig. 1. plate XI.) the sun 
Vould not appear in conjunction with it, till the earth had retum" 
ed to A, when it would have completed- its orbit. 

EmUy. And how much longer is the sidereal, than the solar 

Mrs. B. Only twenty minutes; io that the variation of the 
equinoctial poin& is very inconsiderable. I have given them a 
greater extent in the figure, in order to render them sensible. 

In regard to time, I must further add, thatfthe earth's diurnal 
motion on an inclined axis, together with its annual revolution 
in an elliptic orbit) occasions so much complication in its motion, 
as to produce mahy irregularities; therefore the true time can- 
not be measured by the apparent place of the sun. A perfectiy 
correct clock, would in someparts of the year be before the sun, 
and in other parts after it. There are but four periods in which 
the sun and a perfect clock would agree, whicn is the 15th of 
April, the 16th of June, the ^d of August, and the 24th of De- 
cember. 

77. The solar year is completed before the earth has made a complete revo- 
lution in its orbit, by what is this caused ? 78. What is this called, and what 
is represented respecting it by fig. 1, plate 11 ? 79. By what means can we 
ascertain the period of a complete revolution of tiie earth in its orbit, as illus- 
trated by the fixed star E, in fig. 1 f 80. What differenoeis there in the length 
of the solar and sidereal year? 81. Why can we not always ascertain the 
true time by the apparent place of the sun ? 
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Emify. And is there anj ccmsideraUe difirence betweai 

solar lime, and tme time? 

Mrs. B. The greatest difference amounts to between fifteen 
a:&d sixteen minutes. ^ Tables of equation are constructed for the 
purpose of pointing out, and correcting these diflferences betwe^i 
solar time and equal (ht mean timci which is the denomination 
given by astronomers, to true time. 

82. What would be the greatest difference between sdar, and true time, 
M m4i<9ited hj a perfect clock ? ' - ' 



CONVERSATION IX. 



ON THE MOON. 

•F TRE BfOOir's MOTION. — PHAGES OF THE MOON.-^XCLmSB OF TttX 
MOOir. — ECLIPSES OP JVPITER's M00V8.-«-0F LATITVDX AJri> LOKOI- 
TUDX. — OF THE TRANSITS OF THE INFERIOR PLANETS.— OF THE TII>X& 

MRS. B. 

We shall, to-daj, confine our attention to the momi, which 
offers many interestfaig phenomena. 

Tiie moon revolves round the earth in the space of about 
twenty-nine days and a halfj in an orbit, the plane of which is 
inclined upwards of five degrees to that of me earthy she ac- 
companies us in our revolution round the sun. 

Emily. Her motion then must be of a cofnplicated nature^ 
for as the earth is not stationary, but advances in her orbit, 
whilst the moon goes round her, the moon, in passing round 
the sun, mustproceed in a sort of scolloped circle. 

Mrs. B. Tnat is true; and there are also other circumstances 
wWch interfere with the simplicity, and regularity of the moon^s 
motion, but which are too intricate for you to understand at 
present 

The moon always presents the same face to us, by which it 
is evident that she turns but once upon her axb, while she per- 

1. In what time does the moon revolve romid the earth ? what is the incli- 
nation of her orbit? and how does she accompany the earth? 2. As the 
moon revolves romid the earth, and also accompanies it in its annual revo* 
lution, in what form would you draw tlie moon's orbit? 
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forms a rev6lution round the earth ^^ so that the ii^aJnianttf of 
the moon have but one day, and one night, ia the course of a 
lunar month, y 

Caroline, ' We afibrrl them, however, Uie advantage <rf « 
mafi;nificent moon to enlighten their lone nights. 

Mrs. 6. That advantage is put partial; for since we always 
ftee the same hemisphere of the moon, theT inhabitants ef that 
hemisphere alone, can perceive us. 

Caroline, One half of the moon then enjoys our light, whii^ 
the other half has constantly nights of darkness. If there are 
any astronomers in those regions, they would doubtless be 
tempted to visit the other hemisphere, m order to behold so 
grand a luminary as we must appear to them. But, pray, do 
they see the earth under all tte cnanges, whidi the moon ^dii- 
bits to us? 

Mrs.B, Exactly so. These changes are called ther phases,^ 
of the moon, ai^l require some explanation. In fig. % plate 11, 
let us say, thatyS represents the sun, E the earth, and. A B C I>" 
E F G H, the moon, in diflferent parts of her orbit. (When the 
moon is at A, her dark side being turned towards the earth, we 
shall not see her as at a; but her disa|^)earance is oi very short 
duration, and as she advances in her orbit, we perceive her un- 
der the form of a new moon: when she has gone through one 
eighth of her orbit at B, one titlarter of her enli^tened hemis- 

ehere will be turned towards tke earth, and she will then appear 
omed as at i&/ .when she has performed one au&rter of her orbit, 
;^ she shows us one half of h^r enlightened side, as at c, and this is 
''.called her first quarter;, at d she is said to>e^bbous,\alld at e 
the whole of die enlightened side ap^ars to us,r$uid ihe mooa 
"is at full. As she proceeds in her orbit, she becomes again, gib- 
bous, and her enlightened hemisphere turns gradually away ntna 
uSjAintil she arrives at G, which is her third quarter; proceeding 
thence she completes her orbit and disappears, and then again 
resumes her form of a new moon, ana passes successively^ 
through the same changes. 

When the moon is new, she is said to be in conjunction with 

the sun, as they are then both in the same direction from the 

earthy at the time of full moon, she is said to be in opposition, 

\^because she and the sun, are at oppowte sides of the earth; nt the 

time of her first and third quarters, she is said to be in her quad* 

3. What causes the moon always to present the same face to the earth, 
and what must be the length of a day and night to its inhabitants ? 4. Can 
the earth be seen from every part of the moon, and will it always exhibit the 
same appearance f 6. What are the changes of the moon called ? 6, How 
are these changes explained by fig. 2. plate \l> 7. What is meant by her 
first quarter? 8. Whot by her lieing homed, and her beisg ipibbousf 
9. What by h«r being lull? 10. What by her third quarter? 

K 
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ratures, because she is then one -fourth of a circle, or 90*, from 
her conjunction, or the period of new moon. 

Emily* Are not the eclipses of the sun produced bj the moon 
passing between the sun and the earth ?) 

Mrs. B. Yes; v. hoTv the moon passes between tlie sun and 
the earth, she mterct^is his rays, or, in other words, casts a 
shadow on the earth, then the sun is c^psed, and dajli^t 
^ves place to darkness, while the moon's shadow is passmg 
over us. 

When, on the contrary, the earth is between the sun and the 
moon,cit is we who intercept the sun's rays, and cast a shadow 
On tbe moon; she is then said to be eclipsed, and disappears 
from our view. 

Emily. But as the moon goes round the earth every month, 
she must be, once during that time, between the earth and the 
sun I and the earth must fikewise be once between the sun and 
the moon, and yet we have not a solar and a lunar eclipse every 
month? 

Mrs. B. I have already informed you, that tljie orbits of the 
earth and moon are not in the same plane, but cross or intersect 
each other; and the moon generally passes either above or below 
that of the earth, when she is in conjunction with the sun, and 
does not therefore intercept its rays, and produce an eclipse; 
for this can take place only when the moon is in, or near her 
nodes, which i* the name given to those two points in which her 
orbit crosses that of the earth | eclipses., cannot happen at any 
other time, because it is then only, thatjthey are botk in a right 
line wilh llie sun. v 

Emily. Jimd a fmrtial eclipse of the moon takes place, I sup- 
pose,' when, in passing by the earth, she is not sufficiently above 
or below the shadow, to escape it entirely?) 

Mrs. B. Yes, one edge oi her disk then* dips into the shadow, 
and is eclipsed; but as the earth is larger than the moon, when 
eclipses happen precisely at the nodes, they are not only total, 
but last for upwards of mree hours. 

A total eclipse of the sun rarely occurs, and when it happens, 
flie total darkness is confined to one particvllar part of the earth, 
the diameter of the shadow not exceeding 180 miles; evidently 
showing that the moon is smaller than the sun, since she cannot 

1 1. What is meant by her conjunction ? — ^what by her being in opposition? 
— ^what by her quadratures? 12, By what are eclipes of Uie sun caused? 
13. What catnes eclipses of the moon ? 14. What is meant by the moon^s 
nodes? 15. Why do not eclipses happen at every new and full moon? 
16. What causes partial eclipses of the moon? 17. When the moon is ex- 
actly in one of her nodes, what leng;th of time will she be eclipsed? 18. Are 
total eolipsei of the sun frequent, and when they happen what it t^eir 
extent.^ 



y Google 



y Google 



Blatexii. 




dbyLjOOgle 



OK THE MOON* 111 

entirdj yde it from tiie eartk In %• 1, plate 12, you will 
find a 8olar eclipse described j^ is the sun, M the moon, and E 
the ^arth^ and tiie moon's shadow, you see, is not large enough 
to cover the earth. The lunar eclipses, on l^e contrary, are 
visible from every part of the earth, where the moon is above 
the horizon; and we discov^, by the leneth of time which the 
moon is passing through the earth's sha&w| that it would be 
sufficient to edqwe her totally, were she many times her actual 
size; it follows, therefore, that the earth is much larger than tiie 
moon. 

In ^. 2, S represents tiie sun, which pours firalh rays of light 
in straight Unes, in every direction. E is the earth, and M me 
moon. Now a ray of li^t comine from one extremity of the 
sun's disk, in the (urection A B, will meet i»^^her, commg from 
the opposite extremity, in the direction C B| |iie shadow of the 
earth cannot therefore ext^id beyond B; as^tiie sun is larger 
than the earth, the shadow of the latter is conical, or in uie 
figure of a suear loaf; it gradually diminishes, and is much 
smaller than the earth where the moon passes through it, and 
yet we find the moon to be, not only totally eclips^, but to 
remain for a con^derable length of time in darkness, and hence 
we are enabled to ascertain its real dimensions* 

Emily. When the moon eclipses the sun to us, we must be 
eclipsedf to the moon? 

Mrs. B, Certainly; for if the moon intercepts the sun's 
rays, and casts a shadow on us, we must necessarily disappeai 
to the moon, but only partially, as in fig. 1. 

Caroline* There roust be a great number of ecl^ses in the 
distant planets,^ which have so many moons? 

Mrs. B. Yes, few days pass witiiout an eclipse takii^ place; 
for among the number of satellites, one or the other of mem are 
continualTy pacing either between their primary and the sun; 
' or between the planet, and each other. Astronomers are so well 
acquainted with the motion of the planets, and thdr satellites, 
tiiat they have calculated not only trie eclipses of our moon, but 
those of Jupiter, wilh such perfect accuracy, that it has afforded 
a means of ascertaining the longitude. 

Caroline. But is it not very easy to find both the latitude 
and longitude of any place by a map or globe? 

Mrs. B. If you know where you are situated, there, is np 
difficulty in ascertaininl the latitude or longitude of the place, 
by referring to a map; but supposing that you had been a length 

19. What does this prove reapecting^ the size of the moon ? 20. What is 
showa in fig^. 1, plate 1? ?X21. How are lunar ecHpses visible, aad what is 
pwved by their duration? 22. What is illustrated by fig. 2, plate 12? 
23, What remark is made respecting^ those planets which have severaimooDS ? 
^. What use is made qf the eetipses of the satellites of Jupiter? 
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of time at sea, i&temij^ed in ywir Mirse bj storms, a map i 
would aftbrd you very little assistance in discovering where you ' 
were. 

CaroUne. Under such circumstances, I confess I should be 
equally at a loss to discover either latitude, or londtude. 

Mrs* B. 'fhe la^tude is usually founiK by taking tlie alti- 
tude of the sun at mid-days that is to say, the number of degrees 
that it is elevated above the horizon, for the sun appears more 
ci^rated as we approach the equator, and less as we recede 
from it 

CaroHne* But unless you can see the sun, how can you take 
Its latitude? 

Mr». B. When it is toe cloudy to see the sun, the latitude is 
sometimes found at wsht, by the polar star^V^^ north pole of the 
eiulh, points constantly towards one particular part of the hea- 
Yens, in which a star is situated, called the Polar star: this star 
is visible on clear nijB;hts, from everjr part of the norUiem hemis- 
I^ere; the altitude of the polar star, is therefore the same number 
ef d^ees, ae that of the polei tiie latitude may alsp be deterr 
mineapy ebservations made rni any of the fixed stars: )ihe situa- 
tion therefore of a vessel at eea, with r^;ard to norA ind soutlv, 
is easily ascertained. The difficulty is, respecting east and west, 
that is to .sayt its longitude. As we have no eastern poles from 
whidi we can reckon our distance, some particular spot, or line, 
fliust be fixed upon for that purpose. The English, reckon from 
ne meridian of Greenwich, where the royal ol^ervatory is situ- 
ated; in French maps, you will find that the longitude is reckon- 
ed frsm the meridian of Paris. 

The rotation of the earth on its axis in 24 hours from west to 
east, occasions, yon know, an apparent motion of tiie sun and 
stnrs in a contrary direction, an| the sun appears to go round 
the eardi in the space of 24 hours^ passing over/ifteen degress 
or a twenty-fourrfi part of the eai*th's circumferencefeveryfeour; \ 
therefore^ when it is twelve o'clock in Loudon, it is hue o'clock 
in any place situated fifteen degrees to the cast of London, as ^ i 
th^ sua must have passed the meridian of that place, an hour be- 
tore he reaches that of London. For the same reason it is 
eleven o'clock in any place situated fifteen degrees to the west 
of London, as the sun will not come to that meridian till an hour 
later. 

If then the captain of a vessel at sla, could know precisely 
what was the hour at London, he could, by looking at his watch, 

S5. Hew ia the Utitacle of a place usually found f 26. By wbnt other 
means may latitude be fouod.' 27. From what is longitude reckoned? 28. 
How does the rotation of the earth upon its aiis, govern tha time nt different 
|»Uoes? 
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uid comparing it widi &e kour at the spot ia which he was^as-^ 
certain the longitude. | 

Emily, But if he had not altered his watch, since he sauled 
from Lond^m, it would indicate the hour it then was in London. 

Mrs, B. True; but in order to know the hour of the day at 
the spot in which he is, the captain of a vessel regulateshis watch 
by the sun when it reaches m& meridian. 

Emily, Then if he had two watches, he midit keep one re- 
flated daily, and leave the other unaltered; the former would 
indicate the hour of the place in which he was situated, and the 
latter the hour at London; and by comparing them together, he 
would be abl^ to calculate his loi^tude. 

Mrs, B, You have discovered, Emily, a mode of finding the 
longitude, which I have the pleasure to tell you, is universally 
adopted: watches of a^supmor construction, called chronome- 
ters, or time-keepers, are used for this purpose, and are now 
made with such accuracy, as not to vary more than four or five 
seconds in a whole year; but the best watches are liable to im- 
perfections, and should the time-keeper go too fast or too slow, 
there Would be no means of ascertaining the errw; implicit re- 
liance, canirot consequently be placed upon them. 

Recourse, therefore, is sometimes had to the eclipses of Jupi- 
ter's satellites. ( A table is made, of the precise time at which 
tlie several moohs are eclipsed tQ a spectator at London f^^hen 
they luppear eclipsed to a spectator in any other spot, he ma^ by 
consulting the table, know what is the hour at London; for the 
eclipse is visible at the same moment, from whatever place on 
tiie earth it is seen.'^^pe has then only to look at hia watch, which 
he regulates hy the4un, and which merefore points out tJie hour 
of the place in which he is, and by observing the diflRerence of time 
there, and at London, he may immediately determine his loi^- 
tude. 

n^et us suppose, that a certain moon of Jupiter is always 
ecHpsed at six o'clock in the evening; and tiiat a man at sea 
consults his watch, and finds that it is ten o'clock at night, where 
he is situated, at tlie moment the eclipse takes place, what will 
be his longitude? 

Emily. That is four hours later ^an in London: four times 
fifteen degrees, make 60; he would, therefore, be sixty degrees 
east of London, for tlie sun must have passed his meridian 
before it reaches that of London. 

Mrs, B. For this reason the hour is always later than in 

29. What two circumstaiiccs, if known, will enable yott to find yowr longfi- 
tude from a given plaee ? 30. By what means may a captain find the time at 
London, and in the place where his ship may be ? 31. How may the f clipaea 
of Jupiter's satellites be used to find the longitude ? 32. Give an example. 
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London, when theplace is east londtude^ and earlier wh^ it is - 
west longitude. Thus the longitude can be ascertain«d when-- 
ever the eclipses of Jupiter's tnoons are visible. 

Car&Hnt, But do not the fHimarj planets, sotnetimes eclipse 
the sun from each other, as they pass round in their orbits?. 

Mrs. B. The J mus^ of course sometimes ^pass between each 
oth^r and the sun, but as their shadows never reach each other, 
they hide so little of his^light, that the term eclipse is not in tiiis. 
case usedi this phenomenon is called a transit The primary 
planets d/not any of them revolve in the same plane, and thi. 
times of their revolution round the sun is considerable, it therefore 
but rarely happens that they are at Ihe same time, yi conjunction 
with the sun, and in their nodes. It is evident also, that a planet 
must be inferior (that is within the orWt of another) in order to its 
apparently passing over the disk of the sun. « Mercury, and 
Venus, have sometimes passed in a right line between us, and 
tiie sun;, but being at so great a distance from us,* their shadows 
did not ^tend so far as the earth | no darknesi was therefore 
produced on any part of our globe; but tlie planet appeared like 
a smaU black spot, passing across the sun's disk. 

It was by the last transit of Venus, that astronomers were ena- 
bled to calculate, with s(fne degree of accuracy, the distance of 
the earth from the sun, and the dimensions of the latter. 

EmUy, I have heard that the tides are aifected by the moon, 
but I cannot conceive what influence it can have on them. 

Mrs. B. They are produced by the moon's attraction, which 
4raws up the waters ot that part of the ocean over which the 
Inoon passes, so as to cause it to stand considerably higher than 
the surrounding parts. 

CaroKne. iSoes attraction act on water moi« powerfully than 
on land? I should have thought it would have been just the con- 
trary, for land is certainly a more dense body than water? 

Mrs. B. Tides do not arise from water being more-strongly ^ 
attracted than land, for this certainly is not the case; buti the 
cohesion of fluids, being much less than that of solid bodies, they 
more easily yield to the power of gravity; Hn consequence of 
which, the waters immediatelv below the mobn, are drawn up by 
it, producing a full tide, or what is commonly called, high water, 
at the spot where it happens. So far, the theory of the tides is 
not dii»^ult to understand. 

Caroline. On ike contrary, nothing can be more simple; the 
waters, in order to rise up under the moon, must draw the wa- 

33. Howwffl you knowwbether &e longitude is east or west ? 34. What 
is meant by the transit of a planet ? 35. Why can we see transits of Venus 
and Mercury only? 36. By what are tides caused .? 37. Why is not a simi- 
lar effect produced on tha land ? 
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t^FS from the o|^ske side of the globe, and occasioQ ebb-tid^, 
or low waiter, in those parts. 

Mrs. B. You draw your conclusion rather too hastily, my 
dear; for according ib your theory, we should have full tide only 
once in about twenty -four hours, that is, every tipae that we were 
below the moon, while we find that in this time we have two 
tkles, and that it is high water with us, and with our antipodes, 
at the same time. 

Caroline. Yet it must be impossible for tlie moon to attract 
the sea in opposite parts of the globe, and in opposite directions, 
at the same time. 

Mrs. B. This opposite tide, is rather more difficult to explain, 
than that which is immediately beneath the moon; with a little at- 
tention, however, I hope 1 shall be able to make you understand 
the explanation which has been given of it, by astronomers. It 
must be confessed, however, that the tlieory upon this subject, 
is attended with some difficulties. You recollect that the earth 
and the moon mutually attract each other, but do you suppose 
that every part of the earth is equally attracted by the moon? * 

Emily. Certainly notj you have taught us that the force of 
attraction decreases, with the increase of distance, and therefore 
:that part of the earth which is farthest from the moon, must be 
attracted less powerfully, than that to which she is nearest. : 

Mrs. B. This fact will aid us in tJie explanation which I fern 
about to give to you. , 

In order to render tlie question more simple, let us suppose 
the earth to be eveiy where covered by the ocean, as represented 
in (fig. S. pi. 1^.) M is the moon, A B C D the earth. No\y 
the waters on the surface of the earth, about A, being more 
strongly attracted than any other part, will be elevated :V the at- 
traction of the moon at d and C being les^, and at D feast of 
all. The high tide at A, is accounted fo» from the direct Jit- 
traction of the moon) to produce this the waiters are drawn from 
B and C, where it \^11 consequently be low water. At D, tlxe 
attraction of the moon being considerably decreased, the waters 
are left relatively high, which height is increased, by the centri- 
fugal force of the earth being greater at D than at A, in conse- 
quence of its greater distance from the common centre of gra- 
vity X, between the earth and the moon. 

'Emily. The tide A, tlien, is produced by the moon's attrac- 
tion, and tlie tide D, is produced by the centrifugal force, and 

38. In what two parts of the world is it high water at the same time ? 39. 
What circumstances respecting the decrease of attraction are taken into ac- 
count, in explaining the tides ? 40. How are the high tidea at A and D, and 
the lowones at B and C, in fig. 3. pi. 12, accounted for? 
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increased by the feebleness of the moon-s attraction, in those 
parts. 

Caroline, And when it is high water at A and D, it is low 
water at B and C : now I think I comprehend the nature of 
the tides, though I confess it is not quite so easy as I at first 
thought. 

But, Mrs. B., why does not the sun produce tides, as well as 
the moon; for its attraction is greater man that of the moon? 

Mrs, B, It would be at an equal distance, but our vicinity 
to the moon, makes her influence more powerfal. The sun has, 
however, a considerable effect on the tides,- and increases or di- 
minishes them as it acts in conjunction with, or in opposition to 
the moon. 

Emily, I do not quite understand that. 

Mrs, j5.\The moon is a month in going round the earth; 
twice durins that time, theref^u-e, at full ana at change, she is 
in the same direction as the^sunM»oth,^then act in conjunction on 
the earth ^^ and produce very greaHides, called spring tides^ as re- 
presented in fig. 4, at A and B; but when the moon is at me in- 
termediate parts of her orbit, that is in her quadratures, jthe sun, 
instead of affording assistance, we^ens her power, by acting in , 
opposition to iti and (smaller tidesVare produced, called neap 
tides, as represented kt M, in fig. 5.- 

Emily, I have often observed the difference of these tides, 
when I have been at the sea side. 

But since attraction is mutual between the moon and the eaHh, 
we must produce tides in the moon; and these must be more 
considerable in proportion as our planet is larger. And yet the 
moon does not appear of an oval form. 

Mrs, B, You must recollect, that in order to render the ex- 
^anation of the tides clearer, we suppose the whole surface of 
the earth to be covered with the ocean; but that is not really the 
case, either with the eartli or the moon, anatlie land which inter- 
sects the water, destroys the regularity of the effect, t Thus, in 
flowing up rivers, in passing round points of land, and into bays 
and inlets, the water is obstructed, and high watei: must happen 
much later, than would otherwise be the case. 

Caroline, True; we may, however, be certain that whenever 
it is high water, the moon is immediately over our heads. 

Mrs, B, Not so either; for as a similar effect is produced on 
that part of the globe immediately beneath the moon, and on that 
part most distant from it, it cannot be over the heads of the in- 

41. Has the sun any influence on the tides, and why is it less than that of 
the moon ? 42. What is meant by spring tides, and how are they produced i* 
43. What by neap tides, and how are they caused? 44. What circumstance? 
aflfect the time of the tide in rivers, bays, &c. ? 
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habitants of both those situations, at the same time. Besides, as 
the orbit of the moon is very nearly parallel to that of the earth, 
she is never vertical, but to the inhabitants of the torrid zone. 

Caroline, In the torrid zone, then, I hope you will grant that 
tfie moon is immediately over, or opposite the spots where it is 
high water? 

Mrs. B. I cannot even admit thatj for the ocean naturally 
partaking of the earth's motion, in its rotation from west to east, 
\ the moon, in forming a tide, has to contend against the eastern 
'motion of the waves.v^ll matter, you km)w, by its inertia, 
makes some resistance'to a change of statenthe waters, there- 
fore, do not readily yield to the attraction ou the moon, and the 
effect of her influence is not complete, till three hours after ^e 
has passed the meridian, where it is full tide. 

When a body is impelled by any force, its motion may con- 
tinue, after the impelling force ceases to act: this is the case 
with all projectiles. A stone thrown from the hand, continues 
its motion for a length of time, proportioned to the force given to 
it: there is apeifect analogy between this effect, and the con- 
tinued rise of the water, after the moon has passed the meridian 
at any particular place. 

Enrny, Prav what is the reason that the tide is three-quar- 
ters of an hour later every day? 

Mrs. B. i Because it is twenty-four hours and ftree-quarters 
before the same meridian, on our globe, returns beneath the moon."^ 
The earth revolves on its axis in about twenty -four hours; if the f 
moon were stationarv, therefore, the same part of our globe 
would, every twenty- four hours, return beneath the moon; but as 
during our daily revolution, the moon advances in her orbit, the 
earth nrnst make more than a complete rotation, in order to bring 
the same meridian opposite the moon: we are three-quarters of 
an hour in overtaking her. The tides, therefore, are retarded, 
for the same reason that tiie moon rises later by three-quarters of 
an hour, every day. 

We have now, I think, concluded the observations I had to 
make to you on the subject of astronomy; at our next interview, 
I shall attempt to explain to you the elements of hydi-ostaticg. 

45. Why in the open ocean, is it high water, some hours after the moon 
has passed the meridian ? 46. Why are the tides three-quarters of an hour 
later every day ^ 
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ON THE MECHANICAL PROPERTIES OF FLUIDS. 

BSFiirmoir or a tiajid. — DigTurcTiow betwbeit fluids awd LiatTii>s, 

—or HOir-SLASTIG FLUIDS. — SCARCELY SUSCEPTIBLE OF COMPRESSION. 

—OF THE COHBSlOir OF FLUIDS. OF THEIR ORAVITATIOW.-— OF THEIR 

X«UILIBRIUM.-^F THEIR PRESSURE^— OF SPECIFIC ORAVITT. OF 

THE SPECIFIC GRAVITT OF BODIES HEAVIER THAU WATER.— OF THOSE 
OF THE SAMS WEIGHT AS WAITER. — OF THOSE LIGHTER THAV WA- 
TER. — OF THE SPECIFIC GRAVITT OF FLUIDS. 

MRS. B. 

We have hitherto confined our attention to the niechanica] 
propArtiea of solid bodies, which have been illustrated, and, I 
hope, thonmghlj impressed upon your memory, by the conver- 
saUons we have subsequently had, on astronomy. It will now be 
necessary for me to give you some account of the mechanical 
properties of fluids— a science which, when applied to liouids, is 
ts, hydrostatics and hydraulics.^ ftlydro- 



divided into two parts, ^ ^ a v .^ 

statics, treats of the weight and pressure of fluidsf anA hydrau- 
lics, of the motion of fluids, and the effects produced by this 
motion. A fluid is a substance which yields to the slightest 
pressure. If you dip your hand into a basin of water, you are 
scarcely sensible of meeting with any resistance* 

Emuy. The attraction of cohesion is then, I suppose!}, less 
powerful in fluids, than in solids? 

Mrs, B. Yes; fluids, generally ^akin^, are bodiftB of less 
density than solids. From the slight cohesion, of- the particles 
of Jui<qs, and the facflity with which they slide over each other, 
it is inferred, that they have but a slight attraction for each 
other, and that this attraction is equal, in every position of thep- 
particles, and therefore produces no resistance to a perfect free'- 
dom of motion among themselves. 

Caroline. Pray what is the distinction between a fluid and 
a Hquid ? 

mn. B. Liquids comprehend only one class of fluids. There 

. What are the^t?»o divisions of the Bcienoe which treats of the mechanical 
properties of liquids ? 2. Of what do hydrostatics and hydraulic* treat ? G. 
What is a fluid darted to be ? 4. From what is fluidity supposed to arlsL- . 
6. Into what>\To elaates are fluids divided ? 



d by Google 



MEOHAKICAL PROPERTIES OF FLUIDS. 119 

is another class, distinguished by the name of elastic floids, 
or gaseS) which comprehends the sot of the atmosphere, and 
all the various kinds of air with whichyou will become ac- 
quainted, when you study chemistry. Their mechanical pro- 
perties we shall examine hereafter, and confine our attention 
this morning, to those of liquids, or non-elastic fluids. 

IVater, and liquids in general, are scarcely susceptible of 
beiile compressed, or squeezed into a smaller space, than that 
whicn they naturally occupy. Such, however, is the extreme 
minuteness of their particles, that by strong compression, they 
sometimes force their way through the pores of the substance 
which confines them. This was shown by a celebrated experi- 
ment, made at Florence many years ago. A hollow globe oi 
gold was filled with water, and on its being submitted to great 
pressure, the water was seen to exude through the pores of the 
sold, which it covered with a fine dew. Many pnilosophers, 
however, think that this experiment is too much relied upon, as 
it does not appear that it has ever been repeated; it is possible, 
therefore, that there may have been some source of error, which 
was not discovered by the experimenters. Fluids, appear to 
gravitate more freely, than solia bodies; for the strong cohesive 
attraction of the particles of the latter, in some measure coun- 
teracts the effect of eravity. In this tafele, for instance, the 
cohesion of the particles of wood, enables liur slender legs to 
support a considerable weight. Were the cohesion destroyed, 
or, m other words, the wo<iu converted into a fluid, no support 
could be afforded by the legs, for the particles no longer ci»ter- 
ing together, each would press separately and independently, 
and would be brought to a level with the surface of the earth. 

Emily. This want of cohesion is then the reason why fluids 
can never be formed into figures, or maintained in heaps; for 
though it is true the wind raises water into waves, they are im- 
mediately afterwards destroyed by gravity, and water always 
finds its level. 

Mrs, B, Do you understand what is meant by the level, or 
equilibrium of fluids? 

Emily. I believe I do, though I feel rather at a loss to ex 
plain it Is not a fluid level when its surface is smooth and 
flat, as is the case with all fluids, when in a state of rest? 

Mr9. B. Smooth, if you please, but not flat; for the defini- 
tion of the equilibrium of a fluid is, that every part of the sur- 
face is equally distant from the point to which they gravitate, 
that is to say, from the centre of the earth; hence the surface 

6. What if said of the incompressibilitjr of liquids, and what experiment is 
related? 7. Ought this experiment to be considered as conclusiye i 8. Why 
do fluids appear to gravitate more freely than solids ? 
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of all fioids must be spherical, not flat, since the^r will partake 
of the spherical form of the globe. This is very evident in lai^ 
bodies of water, such as the ocean, but the sphericity of sm^ 
bodies of water, is so tiiiling, that their surfaces appear flat. 

This level, or ecjuilibrium of fluids, is the natural Result of 
"their particles ^avitating independently of each other; for when 
any particle of a fluid, accidentally finds itself' elevated abov^ 
the rest, it is attracted down to the level of th^ surface of the 
fluid, and the readiness witii which fluids yield to the slightest 
impression, will enable .the particle by its weight, to penetrate 
the surface of the fluid, and mix with it 

Caroline. But I have seen a drop of oil, float on tiie surface 
of water, without mixing with it. 

Mrs. B. They do not mix« because their particles repel each 
other, and the oil rises to the surface, because oil is a lighter 
liquid than water. ,» If you were to pour water over it, the oil 
would still rise, b^ii^ forced up by me supjerior gravity of the 
water. Here is an mstrument called a spirit-level, (fig. 1, plate 
13.) which is constructed upon the principle of the equilibrium 
of fluids. It consists of a short tube A B, closed at both ends, 
and containing a little water, or more commonly some spirits: 
. it is so nearly filled, as to leave only a small bubble of airj when 
the tube is perfectly horizontal, this bubble will occupy the 
middle of it, but v4en not perfectly horizontal, the water runs 
to the lower, and the bubble of air or spirit rises to the upper 
end; by this instrument, the level of any situation, to which we 
apply it, may be ascertained. 

From the strong cohesion of their particles, you may there- 
fore consider solid bodies as gravitating in masses,^ while every 
particle of a fluid may be consi4ered as separate, and gravi- 
tating independently of each other. Hence the resistance of 
a fluid, is considerably less, than that of a solid body; for the 
resistance of the particles, acting separately, is ratn-e easily 
overcome. 

Emily. A body of water, in falling, does certainly less injury 
than a solid body of the same weight. 

Mrs, B. The particles of fluids, acting t}ius independent 
ly„ press against each other in every direction, not only down 
wards, but upwards, and laterally or sideways; and in conse- 
quence of this equality of pressure, every particle remains at 
rest, in the fluid. If you agitate tlie fluia, you disturb this 

9. When is a fluid said to be in equilibrium ? 10. What is there in tlie 
nature of a fluid, which causes it to seek this level ? 11. What circumstances 
occasion oil to float upon water? 12. What is the nature and use of the in- 
strument represented in fig^. 1, plate 13 ? 13. What difference is there in the 
Sr^Titation of solid masses, and of fluids I 
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MECHANICAL PROPERTIES OP PLUIBS. Ii2i 

equalitjr of pressure, aud tiie fluid will not rest, till its equili- 
brium IS restored. 

Caroline. The pressure downwards is very natural^ it is the 
effect of gravity; one particle, weighing upon another, presses on 
it; but the pressure sideways, and particularly the pressure up- 
wards, I cannot understand. 

Mrs. B. If liiere were no lateral pressure^ water would not 
run out of an opening on the side of a vessel.^^ If you fill a vessel 
with sand, it will not continue to run out of «^ieh an opening, be- 
cause there is scarcely any lateral pressure among its particles.. 

Emily. When water runs out of the side of a vessel, is it 
not owing to the weight of the water, above the opening? 

Mrs. B. If the particles of fluids were arranged in regular 
columns, thus, (fig. 2.) there would be no lateral pressure, for 
when one particle is perpendicularly above the other, it can only 
press downwards; but ias it must continually happen, that a par- 
ticle presses between two particles beneath, (fig. 3.) these last, 
must sufler a lateral pressure* 

Emily. The same as when a w^dge is driven into a piece of 
wood, and separates the parts, latendly. 

Mr^. B. Ves. The lateral pressure proceeds, therefore, en- 
tirely from the pressure downwards, or tne weight of the liquid 
above) and conseqcfeiitly^' the lower, the orifice is made in the 
vessel, the greater will b^.the velocity of the water rushing out 
of it. Here is a vessel of water (fiff. 5.), with three stop cocks 
at different heights; we shall open mem, and jou will see witii 
what different degrees of velocity, the water issues frcwoa them. 
Do you understand this, Caroline? 

Caroline. Oh yes. The water from the upper spout, receiv- 
ing but a slight pressure, on account of its vicinity to the sur- 
face, flows but gently; the second cock, having a greater weight 
above it, the water is forced out with greater velocity, whust 
the lowest cock, being near the bottom of the vessel, receives 
the pressure of almost the whole body of water, and rushes out 
with the greatest impetuosity. 

Mrs. S. Very well; and. you must observe, that as the late- 
ral pressure, is entirely owing to the pressure dcrwnwards, it is 
not affected by the horizontd dimensions of tlie vessel, which 
contains the water, but merely by its depth; for as every particle 
acts independently of the rest, it is only the column of particles 
immediately above tlie orifice, that can weigh upon, and press 
out the water. 

14. What results as regards the pressure of fluids? 16. How is this illun- 
trated by %. 2, 3, plate 13? J 6. From what does the lateral pressure pro- 
ceed ? and to what is it proportioned, as exemplified in fig. 5, plate 13 ? 

L 
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Emily. The l»%ad1ii and widdi of th^ vessel then, can be of 
fio consequence in this respect The lateral pressure on one 
side, in a cubical vessel, is, I suppose,' not so great as the pres- 
sure downwards upon the bottom. 

Mrs, B. No; m a cubical vessel, Uhe pressure downwards 
will be/ double the lateral pressure on ohe siaej for every particle 
at the bottom ^f tiie vessel is pressed upon, by a column of the 
whole depth of tlie fluid, whilst the lateral pressure diminishes 
from the bottom upwards to the surface, where tlie particles have 
no pressure. 

Caroline. And from whence proceeds the pressure of fluids 
upwards? that seems to me the most unaccountable, as it is in 
direct opposition to gravity. ' 

Mrs, B. And yet it is in consequence of their pressure 
downwards. When, for example, you pour water into a tea- 
pot, the water rises in the spout, to a level with Hie water in the 
pot ( The particles of water at the bottom of the pot, are press- 
ed upon by tlie particles above them; to this ^essure tliey will 
yielcf, if there is any mode of making way for tlie superior par- 
ticles, and as they cannot descend, they will change their di- 
rection, and rise in the spout "" 

Suppose the tea-pot to be filled with columns of particles of 
Avater, similar to that described in fig. 4., the particle 1, at the 
bottom, will be pressed laterally by the particle 2, and by this 
pressure be forced into the spout, where, meetii^ with the par- 
ticle 3, it presses it upwards, and this pressure will be continued 
from 3 to 4, from 4 to 5, and so on, till the water in the spout, 
has risen to a level with that in the pot 

Emily. If it were not for this pressure upwards, forcing the 
water to rise in the spout, the equilibrium of the fluid would be 
destroyed. 

Caroline. True; but then a tea-pot is wide and large, and 
the weight of so great a body of water as the pot will contain, 
may easily force up and support so small a quantity, as mil fill 
the spout But would the same effect be produced, if the spoat 
and me pot, were of equal dimensions? 

Mrs.B. * Undoubtedly it would. You may even reverse the 
experiment,"^ by pouring water into the spout, and you will find 
that the water will rise in tlie pot, to a level wita that in the 
spout; for the pressure of the small quantity of water in the 
spout, will force up and support, the larger quantity in tiie pot 

IT. Has the extent of the surface of a fluid, any effect upon itd pressure 
downwards? 18. What will be the difference between the pressure upon 
the bottom, and upon one side of a cubical vessel ? 19. What occasiooi thf 
itpward pressure, and how is it explained by fij. 4, plate 13 ? ' 
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In the pressure upwards, as well as that laterally, you see that 
ilie force of pressure, depends entirelj on the height, and is 
quite independent of the horizontal dimensions of the fluid. 

As a tea-pot is not transparent, let us try the experiment by 
filling this large glass goblet, by means of this narrow tube, 

Caroline. Look, Emily,; as Mrs. B. fills it, how the water 
rises in the goblet, to mainSdn an equilibrium with ihat in the 
tube. ' 

Now, Mrs. B., will you let me fill the tube, by pouring water 
into the goblet ? , . , 

Mrs, B. That is impossible. However, you may try the 
experiment, and I doubt not that you will be able to account 
for its failure* 

Caroline, It is very singular, that if so small a column of 
water iis is contained in the tube, can force up and support the 
whole contents of tlie soblet; Oiat the weidit of all the water in 
the goblet, should not be able to force up me small auanlity re- 
auired to fill the tube:— oh, I see now the reason, tne water in 
the goblet, cannot force that in the tube above its level, and^^s 
the end of the tube, is considerably hi^er than the goblet, it can 
never be filled by pouring water into the goblet. ^ * . 

Mrs, B, And if you continue to pour water into the goblet 
when it is full, the water will run over, instead of rising above 
its level in the tube. 

I shall now explain to you the meaniag of the spedfic gravity 
of bodies. 

Caroline. What! is there another species of gravity, with 
which we are not yet acquainted? ^ 

Mrs. B. No: the specific gravity of a body^ means simply 
its weight, compared with that of another body, ot the same size. 
When we say, that substances, such as lead, and stones, are 
heavy, and that others, such as paper and feathers, are li^t, 
we spefdc comparatively; that is to sayi that the first are heavy, 
and the latter lidit, in comparison witn the generality of sub- 
stances in nature. Would you call wood, and chalk, light or 
heavy bodies? 
. Caroline. Some kinds of wood are heavy, certainly, as oa^ 
and mahogany; others are light, as cedar and poplar. 

Emily. I think I should call wood in general, a heavy body; 
for cedar and poplar, are light, only in comparison to wood of a 
heavier description. I am at a loss to determine whether chalk 

20. How oould the .equilibrium of fluids be exemplified by pouring water 
in at the spout of a tea-pot ? 21. How by the apparatus represented at fig, 
6, plate 13? 22. What is meant by the specific gravity of a body? 23. What 
do we in common mean by calling a body heavy, or light ? 
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should be nmked as a heavy, or a l^tiiodyj I should be incliii- 
cd to say the former, if it was not that it is lighter than most 
other minerals. I perceive that we have but vague notions of 
light and heavy. I wish there was some standard of compari- 
son, to which we could refer the weight of all other bodies. 

Mrs, B, The necessity of such a standard, has been so much 
felt, that a body has been fixed u]jmi for this purpose. What 
substance do you think would be best calculated to answer this 
end?S 

CaroUne. It must be one generally known, and easily obtain- 
td; lead or iron, for instance. 

Mrs. B, The metals, would not answer the purpose well, for 
several reasons^ (ihey are not always equally compact, and they 
are rarely quite pure; Jtwo pieces of iron, for instance, altliough 
of the same size, mignt not, frcwn the causes raenticmed, weigh 
exactly alike. 

Caroline. But, Mrs. B., if you compare the weight, of equal ' 

auantities of different bodies, «iey wUl all be alike. You know 
ie old saying, that a pound of feathersj is as heavy as a pound 
•Jl^eadP 

Mr8. B. When therefore we compare the weight of different 
kinds of bodies, it would be absurd to take quantities of equal 
weight J we must take quantities of equal btm; pints or quarts, 
not ounces or pounds. 

Caroline. Very true; I perplexed myself by thinking that 
cjuantity referred to weight, rather than to measure. It is true, 
it would be as absurd to compare bodies of Ihe same size, in or- 
der to ascertain which was lai^st, as to compare bodies of the 
tame wekht, in order to discover which was heaviest. 

Mjrs. B. In estimating the specific gravity of bodies, fliere- 
fore,^we must compare^ equal bulks; and we shall find that their 
specific gravity, will be proportional to tiieir weights. JLirhe body 
which has been adopted as a standard .of reference^^s distilled, 
or rain water. ) v. * 

Emily. I am surprised that a fluid should have been chosen 
for this purpose, as it must necessarily be contained in some ves- 
sel, and the weight of the vessel, will require to be deducted. 

Mrs. B. You will i&nd that the comparison will be more 
easily made with a fluid, than with a solidj and water you knoAV 
can be every where obtained. In order to learn the specific gra- 
vity of a solid body, it is not necessary to put a certain measure 
of it in one scale, and an eoual measure of water into the other 
scale: but simply to^ weigh the body under trial, first in air, and 

24. Why would not the metals answer to compare other bodies with? 25. 
What must be supposed equal in estimating the specific jrarity of a body > 
26. What has been adopted as a standard for oomparison f 
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tiien in wato. j If you weij^ a piece of gold, in a ^lass of water, 
will not the gold displace just as much water, as is equal to its 
own bulk? 

Carolme, Certainly, where one body is, another cannot be at 
the same time; so that a sufficient quantity of water n^ust be re- 
tnoved, in order to make way for the gold. 

Mrs. B. Yes,/a cubic incli of waters to make ro(Hn for a cu- 
bic inch of gold; remember tha^ tiie bulli, alone, is to be consider- 
ed; the weight, has nothing to do with the quantity of water dis- 
jdaced, for an inch of gold, does not occupy more space, and 
therefore will not displace more water, than an inch oi ivory, or 
any other substance, that will sink in water. 

Well, you will perhaps be surprised to hear that the gold will 
weigh less in water, than it did out of it ? . 

Mmity. ^nd for what reason? 

Mrs. B. /On account of the upward pressure of the particles 
of water^ which in some measure supports the gold, and by so do- 
ing, dimmishes its weight If the oodj immersed in water, was 
of the same wei^t as that fluid, it would be wWly supported by 
it, just as the water which it (Hsplaces, was supported, previous to 
its making way for the solid nody. If the body is heavier than 
the water, it cannot be wholly supported by it; but the water 
will offer some resistance to its descent. 

Caroline* And the resistance which water offera to the de- 
scent of heavy bodies immersed in it, (since it proceeds from thf 
upward pressure of the particles of the fluid,) must in all cases, 
I suppose, be the same? 

Mrs. B. Yes : the resistance of the fluid, is proportioned to the 
bulk, and not to the weight, of the body immersed in it; all bodies 
'of the same size, therefore, lose the same quantity of their weight 
in water. Can you form any idea what this loss will be? 

Emily. I should think it woiild be equal to the weight of the 
water displaced; for, since that portion of the water was sup- 
ported before the immersion of tne solid body, an equal weignt 
of the solid body, will be supported. 

Mrs. B. You are perfectly right; a body weighed in water, 
loses just as much of its weiglit, as is equal to that of the water 
it displaces i) so that if you were to put the Water displaced, into 
the scale to which the body is suspended, it would restore the 
balance. 

You must observe, that when you wei^ a body in water, in 
order to ascertain its specific gravity, yoU must not sink the dish 
of the balance in the water; but either siispend the body to a 

27. What is the first step in ascertaining the specific grjfvity of a solid ? 
28. What quantity of water will the solid displace? 29. Why will a solid 
weigh less in water than in air, and to what will the loss of weight be equal ? 
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hook at tiie bottom of the di^h, or else take off the dish, and sxl3- 
pend to the arm of the balance a weight to counterbalance the 
otiier dish^ and to this attach the solid to be weighed^(fig. 7.) Now 
/suppose that a cubic inch of gold, weighed 19 ouifces out of wa- 
lerj and lost one ounce of its weight bj being weighed in water, 
what would be its specific gravity? J 

Caroline. The cubic inch of wrfter it displaced, must weigh 
that one ounce; and as a cubic inch €i gold, weighs 19 ounces, 
gold is 19 times, as heavy as water. 

Ermly, I recollect havins seen a table of the comparative 
weights of bodies, in which gold appeared to me to be estimated 
at 19 thousand times, the weight oi water. 

Mrs. B. You misunderstood the meanhig of the table. In 
tiie estimatioh you allude to, the weight of water was reckoned 
at 1000. You must observe, /that tne weight of a substance 
when not compared to that of ^ny otiier, is perfectly arbitrary; , 
and when water is adopted as a standard, we may denominate 
its weight by any number we please; but then the weight of all 
bodies tried by this standard^ must be signified by i»x>portional 
numbers. 

Caroline, We mav call the weight of water, for example, one, 
and then that of gold, would be nmeteen; or if we choose to call 
the weight of water 1000, that of gold would be 19,000. In 
short, specific gravity, means how many times more a body 
we^hs, than an equal bulk of water. 

Mrs, B, It is rather the weight of a body compared with a 
portion of water equal to it in bulk; for the specific gravity of 
many substances, is lesis than that of water. 

CaroRne. Then you cannot ascertain the specific gravity of 
such substances, in me same manner as that of gold; lor a body 
that is lighter than water, will float on its surface, without disr 
placing any of it 

Mrs. B. If a body were absolutely without weight, it is true 
that it would not displace a drop of water, buithe bodies we are 
treating of, have all some weight, however small; and will, there- 
fore, displace some quantity. If the body be lighter than wa- 
ter, it will not sink to a level with its surface, and therefore it 
will not displace so much water as is equal to its bulk; but only 
'so much, as is equal to its weight. ) A ship, you must have ob- 
served, sinks to some depth in water, and the heavier it is laden, 
>he deeper it sinks, as it always displaces a quantity of water, 
equal to its own weight. 

3(F. What is the arrangement represented by fig^. 7, plate 13? 31. What 
33 stated of gold as an examine ? 32. In comparing a body "with "Waaler, this 
is sometimes called 1000, what must be observed? 33. What quantity of 

water ii displaced, by a body floating; upon its surfs^ce? 
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tkroline. But you said just now, that in the immersion of 
gold, the bulky and not the weight of body, was to be con- 
sidered. 

M7'S, B. That is the case with all substances which are hea- 
vier than water; but since those which are lighter, do not dis- 
. place so much as tlieir own bulk, the quantity th^ jiisplace id 
not a test of their specific gravity. 

In order to obtain the specific gravity of a body .which is lighter 
than water, ^^ou must attach to it a heavy one,\whose specific 
gravity is known, and immerserthem together; ^e specific gra- 
vity of the lighter body, may then be easily calculatec^om ob- 
serving the loss of weight it produces, in the heavy body. 

Emdy. But are there not some bodies which have exactly 
the same specific gravity as water? 

Mrs. B. Undoubtedly; and such bodies will remain at rest 
in whatever situation they are placed in water. Here is a piece 
of wood which I. have procured, because it is of a kind which is 
precisely the weight of an equal bulk of water; in whatever 
part of &is Vessel of water you place it, you will find that it will 
•remain stationary. 

Caroline. I shall first put it at the bottom; from thence, of 
course, it cannot rise, because it is not lighter than water. Now 
I shall place it in the middle of the vessel; it neither rises nor 
sinks, because it is neither lighter nor heavier than the water. 
Now I will lay it on the surface of the water ; but there it sinks 
a little— what is the reason of that, Mrs. B.? 

Mrs. B. Since it is not lighter than the water, it cannot float 
upon its surface ; since it is not heavier than water, it cannot 
sink below its surface: (it vnll sink therefore, onl^ till the upper 
surface of both bodies are on a level, so that the piece of wooa is 
just covered with water. If you poured a few drops of water 
into the vessel, (so gently as not to rive them momentum) they 
would mix with the water at the surface, and not sink lower. 

Caroline. I now understand the reason, why, in drawing 
up a bucket of water out of a well, [the bucket feels so much hea- 
vier when it rises above the surfece of the water in the well;** for 
whilst you raise it in the water, the water within the bucket be- 
ing of the same specific gravity as the water on the outside, will 
be wholly supported by the upward pressure of the water beneath 
the bueket, and consequently very little force will be required 
to raise it; but as soon as the bucket rises to the surface of the 
well, you immediately perceive the increase of weight 

34. How can you find the specific gravity of a solid which is lighter than 
water ? 35. What is observed of a body whose specific gravity is the same 
as that of water ? 36. What is the reason that in drawing a bucket of water 
from a well, its weight^ia not perceived until it rises above the surface? 
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JEmUy. And how do you ascertain the speeific gravitj of 
fluids? ^ 

Mrs. B. By means of an hydrometer 5 ; tiiia instrument is 
made of various inaterials, and in different formsAme of which I 
will show you. It consists of a tliin brass ball A9 (fig* 89 plate 
13.) with a graduated tube B, and the specific gravity of the li- 
quid, is estimated by the deptli to which the instrument sinks in it, 
or by the weight required to sink it to a given depth. There is 
a small bucket C, suspended at the lower end, and also a little 
dish on the graduated tube 5 into either of these, small weights 
may be put, until the instrument sinks in the fluid, to a mark on 
the tube B5 tlie amount of weight necessary for this, will enable 
you to discover the specific gravity of the fluid. 

I must now take leave of you; but there rem^^in yet many ob- 
servations to be made on fluids: we shall, therefore, resume this 
subject at our next interview. 

37. Describe the instrument represented by fig. 8, plate 13, and also how^ 
and for what it is used ? 



CONVERSATION XI. 



OF SPRINGS, FOUNTAINS, &c. 

tt? THE ASCENT OF VAPOITR AND THE FORMATIOW OP CLOUDS.— OP THE 
FORMATIOOr AND FALL OF RAIN, &C. — OF THE FORMATION OF SPRINGS. 
OF RIVERS AND LAKES. — OF FOUNTAINS. 

CAROLINE. 

There is a question I am very desirous of asking you, respect- 
ing fluids, Mrs. B., which lias often perplexed me. What is the 
reason that the great quantity of ram which falls upon the earth 
and sinks into it, does not, in the course of time, injure its solid- 
ity? The sun and the wind, I know, dry the surface, but they 
have no ettect on the interior parts, where there must be a pro- 
digious accumulation of moisture. 

Mrs. B. Do you not know, that, in the course of time, all the . 
water which sinks into the ground, rises out of it again?) It is the 
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same water which successively forms seas, rivers, spring cloudi, 
rain, and sometimes hail, snow and ice. If you will take the 
trouble of following it through tlxese various changes, you will un- 
derstand why the earth is not yet drowned, by the quantity of 
water which has fallen upon it, since its creation; and you will 
even be convinced, that it does not contain a single drop more 
water now, than it did at tliat period. 

Let us consider how the clouds were originally formed. . Wjien 
the first rays of the sun warmed the surface of the earth, the 
heat, by separating the particles of water, rendered them lighter 
than the air. This, you know, is the case with steam or vapour. 
What then ensues? 

Caroline. When lighter than the air, it will naturally rise; 
and now I recollect your telling us in a preceding lesson, that 
the heat of the sun transformed the particles of water into va- 
pour; in consequence of which, it ascended into the atmosphere, . 
where it formed clouds. 

Mrs. B. We have then alreadjr followed water through two 
pf its transformations; from water it becomes vapour, and from 
vapour clouds. 

EfnUy. But since this watery vapour is lighter than the air, 
why does it not continue to rise; and why does it unite again, to 
form clouds? 

Mrs. B. Because the atmosphere diminishes in density, as 
it is more distant from the earth. The vapour, therefore, which 
the sun causes to exhale, not only from seas, rivers, and lakes^ 
but likewise from the moisture on the land, rises ^tili it reachea 
a re^on of air of its own specific gravity; jdnd thei'e, you know, 
it will remain stationary. By the frequent accession of fresh 
vapour, it gradually accumulates, so as to form those larse bo- 
dies of vapour, which we call (clouds: and(the particles, at length 
uniting, become too heavy forthe air to suppoi't, and fall to the 
ground. > 

Caroline. They do fall to the ground, certainly, when it 
rains; but, according to your theory, I should have imagined, 
that when tiie clouds became too heavy, for the region of air in 
which they were situated, to support them, tliey would descend, 
till they reached a stratum of air of their own weight, and not 
fall to the earth; for as clouds are formed of vapour, they can- 
not be so heavy as the lowest regions of the atmosphere, ether- 
wise the vapour would not have risen. 

Mrs. B. If you ex«nine the manner in which the clouds 
descend, it will obviate this objection. In falling, several of the 

1. Why do not the frequent rains, fill the earth with water ? 2. Why will 
vapour rise ? to what heig^ht will it ascend, and what will it form .' 3« How 
may drops of rain be formed f 
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watery particles come within the sphere of each other's attrac- 
tion, and unite in the form of a arop of water. The Tapour 
thus transformed into a shower, is heavier than any part of the 
atmosphere, and consequently/descends to the eartn. ,. 

Caroline. How wonderfully curious! 

Mrs. B. It is impossible to consider any part of nature at- 
tentively, without being struck with admiration at the wisdom it 
displays^ and I hope you will never contemplate these wonders, 
wimout feeling your heart glow with admiration and gratitude, 
towards their Dounteous Author. Observe, that if the water! 
were never drawn out of the earth, all vegetation would be de- 
stroyed by the excess of moisture; if, on the other hand, the 
plants were not nounshed and refreshed by occasional showers, 
the drought would be equally fatal to them. If the clouds con- 
stantly remained in a state of vapour, they might, as you re- 
• marked, descend into a heavier stratum of the atmosphere, but 
could never fall to the ground; or were the power of attraction 
more than sufficient to convert the vapour into drops, it would 
transform the cloud into a mass of water, which, instead of 
nourishing, would destroy the produce of the earth. 

Water then ascends in the form of vapour, and descends in 
that of rain, snow, or hail, all of which ultimately become water. 
Some of this fails into the various bodies of water on the sur- 
face of the globe, the remainder upon the lapd. Of the latter, 
p^t reascends in the form of vapour, part is absorbed by the 
roots of vegetables, and part descends into the earth, where it 
forms springs. 

Emuy. Is there then no difference between rain water, and 
spring water? ^ 

Mrs. B. They are originally the same; butf that portion of 
rain water which goes to supply sj}ring3, dissolves a number of 
foreign particles, f which it meets with m its passage through tlie 
various soils it ti^averses. 

Caroline. Yet spring water is more pleasant to the taste, 
appears more transparent, and, I should nave supposed, would 
have been more pure than rain water. . 

Mrs. B. No; excepting distilled water, rain water is the 
most pure we can obtain; . it is its purity which renders it 
insipia; whilst the various.^alts and different ingrediente, dis- 
solved in spring water, give it a species of flavour, which habit 
renders agreeable; these salts do not, in any degree, affect its 
transparency; and the filtration it undergoes, through gravel and 

4. What becomes of the water after it has feUen to the earth? 5. What 
is the difference between rain water, and that from springs ? 6. Why is rain 
more pure than spring water? 7. Whv is 'spring: water more aoreeable to 
the palate? . ' 
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sand, cleanses it from all foreign matter, which it has not the 
power of dissolving. 

Emily. How is it that the rain water does not continue to 
descenJ^byits gravity, instead of collecting together, and form- 
ing springs? 

Mrs, B. When rain falls on the surface of the earth, it 
continues making its way downwards through the pores and 
crevices in tlie ground. / When several drops meet in their sub- 
terraneous passage, thej^vunite and form a little rivuletj this, in 
its progress, meets with other rivulets of a similar description, 
and they pursue tlieir course together within the earth, till they 
are stopped by some substance, such as rock, or clay, wliich 
they cannot penetrate. 

Caroline, But you say that there is some reason to believe 
that water can penetrate even the pores of gold, and it cannot 
meet with a substance more dense t 

Mrs. B, But if water peneti-ate the pores of sold, it is only 
when under a strong compressive force, as in uie Florentine 
experiment; now in its passage towards the centre of the earth, 
Hit 18 acted upon by no other power, than gravity, which is not 
sufficient to make it force its way, even tlirough a stratum of 
clay. This species of earth, though not remarkably dense, be- 
ing of great tenacity, will not admit the particles of water to 
pass. When water encounters any substance of this nature, 
therefore, its progress is stopped, and it is diflfused through the 
porous earth, and sometimes the pressure of the accumulating 
waters, forms a bed, or reservoir. This will be more clearly 
explained by fig. 9., plate 13, which represents a section, of the 
interior of a hill or mountain. J" A, is a body of water, such as I 
have described, which, when fflled up as high as B, (by the con- 
tinual accession of water it receives from the ducts or rivulets 
«, a, a, a,) finds a passage out of the cavity, and, impelled by 
gravity, it nins on, till it makes its way out of, the ground at the 
side of the hill, and there forms a spring, C. 

Caroline, Gravity impels downwarits towards the centre of 
the earth; and the spring in this figure runs in an horizontal 
direction. 

Mrs, B. Not entirely. There is some declivity from the 
reservoir, to the spot where* the water issues out of the ground; 
and gravity, you know, will bring bodies down an inclined plane, 
as well as in a perpend icuLir direction. 

Caroline, But though the spring may descend, on first issu- 
ing, it must afterwards rise to reach the surface of the earth; 
and that is in direct opposition to gravity* 

8. What causes the water to coUect and form springs ? 9. Why cannot 
water penetrate through clay ? 10. What is represented by fig. 9, plate 13 ? 
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Mrs. B.- A spring can never rise abpve the level of the re- 
servoir whence it issues 5 it must, therefore, find a passage to 
some part of the surface of the earth, that is lower, or nearer the 
centre, than the reservoir. It is true that, in this figure, the 
spring rises in its passage from B to C; but this, I think, with 
a little reflection, you will be able to account for. 

Emily. Oh, yes^'it is owing to the pressure of fluids un- 
wards$ and the water ri<»es in the duct, upon the sarfie principle 
as it rises in the spout of a tea-pot; that is to say, in order to 

Preserve an equilibrium with the water in the reservoir. Now 
think I understand the nature of springs: the water will flow 
through a duct, whether ascending or descending, provided it 
never rises higher than the reservoir. 

Mrs. B. Water may thus be conveyed to every part of a 
town, and to the upper part of the houses, if it is originally 
brought from a height, superior to any to which it is conveyea. 
Have you never observed, when the pavements of the streets 
have been mending, the pipes which serve as ducts for the con- 
veyance of the water through the town? 

Emily. Yes, frequently; and I have remarked that when 
any of these pipes have been opened, the water rushes upwards 
from them, with great velocity; which, I suppose, nroceeds from 
the pressure of the water in the reservoir, wnich torces it out. 

Caroline. I recollect having once seen a very curious glass, 
called Tantalus's cup; it consists of a goblet, containing a small 
figure of a man, and whatever quantity of water you pour into 
the goblet, it never rises higher than the breast of the figure. Do 
you Know how that is contrived? 

Mrs. B. It is by means of a syphon,! or bent tube, which is 
concealed in the body of the figure. .This tube rises through one 
of the legs, as high as the breast, a^ there turning, descends 
through flie other leg, and from tlience through the foot of the 
goblet, where the water runs out. ''(fig. 1, plate 14.) When you 
pour water into the glass A, it must rise in the syphon B, in pro- 
portion as it rises in the glass; and when the glass is filled to a 
level witli the upper part of the syphon, the water wall run out 
through the other leg of the figure, and will continue running 
out, as fast as you pour it in; therefore the glass can never fiu 
any higher. , •" 

Emdy. I think the new well that has been made at our 
country -house, must be of that nature. We had a great scar- 
city of water, and my father has been at considerable expense to 
dig a well; after penetrating to a great depth, before water could 
11. How can you account for its rising upwards, as represented at C? 
\% In conveying water by means of pipes, how must the reservoir be situat- 
ed? 13. What is the instrument called, which is represented in plate 14, 
fig. 1, — and how does it operate ? 
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be found, a spring was at length discovered, but ike water rose 
only a few feet above the bottom of tiie well^ and sometimes it 
is quite dry. 

Mrs. B. This has, however, no analog to Tantalus's cup; 
but is owing to the very elevated situation of your country- 
house. 

Emily, I believe I guess the reason. ^There cannot be a re- 
servoir of water near the summit of a hill; as in such a situation, 
there ^yill not be a sufficient number of rivulets formed, to supply 
one; and without a reservoir, there can be no spring. In sucn 
situations, therefore, it is necessary to dig very deep, in order to 
meet with a spring; and when we give it vent, it can rise only 
as high as the reservoir from whence it flows, which will be but 
little, as the reservoir must be situated at some considerable 
depth below tlie summit of the hill. 

Caroline, Your explanation appears very clear and satisfac- 
tory;' but I can contradict it from experience. At the very top 
of a hill, near our country-house, there is a large pond, and, ac- 
cording to your theory, it would be impossible there should be 
springs in such a situation to supply it with water. Then you 
know that I have crossed the Alps, and I can assure you, that 
there is a fine lake on the summit of Mount Cenis, the highest 
mountain we passed over. 

Mrs, B, Were there a lake on the summit of Mount Blanc, 
which is the highest of tlie • Alps, it would indeed be wonderful. 
But that on Mount Cenis, is not at all contradictory to our the- 
ory of springs; for this mountain is surrounded by others, much 
more elevated, and the springs which feed tlie lake must descend 
Irom reservoirs of water, formed in those mountains. Tliis must 
also be the case with tlie pond on the top of tlie hill; there is 
doubtless some more considerable hill in tlie neighbourhood, 
which supplies it with water. 

Endly. I comprehend perfectly, why the water in our well 
never rises high: but I do not understand why it should occa- 
sionally be dry. 

Mrs, B. Because the reservoir from which it flows, bein» in 
an elevated situation, is but scantily supplied witli water; atter 
a long drought, therefore, it may be drained, and the spring dry, 
till the rtjservoir be replenished by fresh rains. It is not un- 
common to see springs flow with great violence in wet seasons, 
"wliich at other times, are perfectly dry. 

Carolhu, But there is a spring in our grounds, wliich more 

14. Why are wells rarely well supplied with water, in elevated situations ? 
15. When water is found in elevated situations, whence is it supplied? 16. 
Wells and springs, at some periods weU supplied, fidl at others; how is this ac- 
counted for/ 

M 
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frequently flows m dry, llian in wet weather; how is that to be 
accounted for? 

Mrs. B. The spring, probably, comes from a reservoir at a 
ereat distance, and situated Terr deep in the g^und:^ it is, 
SiereftMre, some length of time beiore the rain reaches th^ reser- 
voirj and another considerable portion must elapse, whilst the 
water is making its way, from the reservoir, to the surface of the 
earth; so that the dry weather may probably have succeeded the 
rains, b^^ore the spring begins to flow; and the reservoir may be 
exhausted, by the time the wet weather sets in again. 

Caroline* I doubt not but this is the case, as uie spring is in 
a very low situation, therefore, tlie reservoir may be at a great 
(fistance from it 

Mrs. B. ' Springs which do not constantly flow, are called 
intermitting, and are occasioned by the reservoir being imper- 
fectly supplied. Independently of'^the situation, this is always 
the case, when the duct, or ducts, which convey the water into the 
reservoir, are smaller than those which carry it offl 

Caroline, If it runs out, faster than it runs in, it will of course 
sometimes' be empty. Do not rivers also, derive their source from 
springs? 

Mrs, B, Yes, tliey generally take their source in mountain- 
ous countries, where springs are most abundant. ) 

Caroline, I understood you that springs wefe more rare, in 
elevated situations. 

Mrs, B, You do not consider that mountainous countries, 
abound equally with high, and low situations. Reservoirs of wa- 
ter, which are formed in the bosoms of mountains, generally find 
a vent, either on their declivity, or in the valley beneathT^ewdiile 
Subterraneous reservoire, formed in a plain, can seldom^nd a 
passage to the surface of the eart1i,but remain concealed, unless 
discovered by digging a well. When a spring once issues at the 
suiface of tlie earth, it continues its course externally, seeking 
always a lower ground, for it can no longer rise. 

Emily, Then what is the consequence, if the spnng, or, as I 
should now rather call it, the rivulet, inins into a situation, which 



9 



is surrounded by higher ground. 

Mrs, B, Its course is stopped; the water accumulates, )ind 
it fonns a pool, pond, or lake, according to the dimensions of 
the body of water. The lake of Geneva, in all probability, owes 
its origin to the Rhone, which passes through it: if, when this 
river first entered the valley, which now forms the bed of the 

17. Some springs flow abundantly in dry weather, whicH occasionally £ul 
in wet weather, how may this be explained? 18. What is meant by inter- 
laittin* springs ? 19. Whence do rivers, in general, derive their water ? 20. 
Why tlo springs abound more in mountainous, than in level countries? 
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Lake, it found itself surrounded by higher grounds, its waters 
would there accumulate, till tliej rose to a level mih tiiat part 
of the valley, where the Rhone now ccmtinues its course be jond 
the Lake, and from whence it flows throu^ valleys, occasionally 
forming other small lakes, till it reaches the sea. 

Umuy. And are nqt fountains, of the nature of springs? 

Mrs. B. Exactly. , A fountain is conducted perpendicularly 
upwards, by the spout^x)r adjutage A, throu^ which it ilows; 
and it will rise nearly as hig^ as Sie reservoir B, from whence it 
proceeds. * (Plate 14. fig. 2.) 

Caroline. Why not quite as hiffh? 

Mrs. B. Because it meets with resistance from the- dr, in 
its ascent f &nd its motion is impeded by friction against the 
spout, where it rushes out 

Emily. But if the tube through which the water rises be 
smooth, can there be any friction? especially witli a fluid, whose 
particles vield to the sl^tost is^prQ^sion. 

Mrs. S. Friction, (as we observed in a former lesson,) may 
be diminished by polismng, but can never be entirely destroyed; 
and though fluids, are less susceptible of friction, than solia bo^ 
dies, they are still affected by it. Another reas<m why a foun- 
tain will not rise so high as its reservohr,is, that as alLthe water 
which spouts up, has to descend a^ain, it in doins so, presses, ot 
strikes against the under parts, and forces them sideways, spread- 
ing the column into a head, and rendering it both wider, and 
shorter, than it otherwise would be. 

At our next meeting, we shall examine the mechanical pro* 
perties of the air, which being an elastic fluid, differs ia ma^j 
respects, from liquids. 

21. How are lakes formed? 22. What causes water to rise in fountains, 
and- how is this explained by figure 2, plate 14 f 23. Why will not ib» f 
tain rise to the height of the water in Ihe reservoir ? | 
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ON THE MECHANICAL PBOPERTIES OF AIR* 

OV THE SPRING OR SLASliCITY OF THE AIR. — OF THE WETGHf OF THE 
AIR. — EXPERIMENTS WITH THE AIR PUMP. — OF THE BAROMETER.' — 
MODE OF WEIGHING AIR. — SPECIFIC GRAVITY OF AIR.— OP PUMPS. — 
DBBCRIFTION OE THE SUCKING PUMP. — ^DESCRIPTION OF THE FORCING 
PUMP. 

MRS. B. 

At our last meeting we examined tlie prop^iies of fluids in 

feneral, and more particularly of such as are called/non-elastic 
uidsj or liquids. \ 

, There is another class of fluids, distinguished by the name (^ 
aeriform, or elastic fluids, the principal of which is the air we 
'breathe, which surrounds the earth, and is called the atmo- 
sph^e. 

Endly. There are then other kinds of air, besides the atmo- 
sphere? 

Mrs, B. Yesj a greajt variety; but tiiey differ only in their 
chemica],^nd not in tneiti mechanical propertie$;^nd as it is the 
latter we are to examine, we shall not at present inquire into 
their composition, but confine our attention to the mechanical 
properties of elastic fluids in general. 

Caroline. And from whence arises this difference, between 
elastic, and non-elastic fluids? 

Mrs, B. There is no attraction of cohesion, between the par- 
ticles of elastic fluids; so that the expansive power of heat, has no 
adversary to contend with, but gravity; ajay increase of tempera- 
ture, therefore, expands elastic fluids considerably, and a dimi- 
nution, proportionally condenses them. 

The most essential point, in which air, differs from other fluids, 
is in its spring or elasticitv; that is to say}>its power of increas- 
ing, or dimiuiSiing in bulkJ accordingly as it is more, or less, com- 
pressed: a power of which I have informed you, liquids are al- 
most wholly deprived. 

1. Into what two km^ls are fluids divided ? 2. There are different kinds 
of elastic fluids, in what properties are they alike, and in what do they dif- 
fer ? 3. In what particular do elastic, differ from twn-dastic, fluids ?^ 4. 
What is meant by the elasticity of air ? 
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JBtnUy. I think I understand the elasticity of the air very 
well from what you formerly said of it; but what perplexes me is, 
its having gravity; if it is heavy, and 'we are surrounded by it, 
why do we not feel its weight? 

Caroline. It must be impossible to be sensible of the weight 
of such infinitely small particles, as those of which the air is 
composed: particles which are too small to be seen, must be too 
light to be felt. 

Mrs. B. You are mistaken, my dear; tiie air is much heavier 
than you imagine; it is true, thatAie particles which compose it, 
are small; but then, reflect on their quantity^:(the atmosphere 
extends in height, a great number of miles from tiie earth, and 
its gravity is such, that a man of middling stature, is computed 
(when the air is heaviest) to sustain the weight of about 14 tons./ 

Caroline. Is it nossible! I should have nought such a weight 
would have crushea any one to atpms. 

Mrs. B. That would, indeed, be the case, if it were not for 
the equality of the pressure, on every part of the body; but when 
thus diffused, we can bear even a much greater wwght, without 
any considerable inconvenience. In bathing we support the 
weight and pressure of the water, in addition to that of the atmo- 
sphere; but because this pressure is equally distributed over the 
body, we are scarcely sensible of it; ^whilst if your shouldersi 
your head, or any particular part of your frame, were loaded with 
the additional weight of a hundred pounds, you would soon sink 
under the fatigue. Besides this^^our bodies contain air, the spring 
of which, counterbalances the weight of the external air, and ren- 
ders us insensible of its pressure. ^ 

Caroline. But if it were possible to relieve me from the weight 
of the atmosphere, should I not feel more light and agile? 

Mrs. B. On the contrary, (the air witliin you, meeting with 
no external pressure to restrain its elasticity, would distotid 
your body, and at length bureting some^of tlie parts which con- 
fined it, put a period to your existence.) . ^ 

Caroline. This weight of the atmosphere, then, which 1 was 
so apprehensive would crush me, is, in reality, essential to my 
preservation. 

EniUy. I once saw a person cuppfed, ami was told that tiie 
swelling of the part under the cup, was proMced by taking away 
from that part, tlie pressure of the atmosphei^; but I coiud not 
understand how this pressure produced such an effect. / 

Mrs. B. The air pump affords us the means of makintf a great 
variety of interesting experiments, on the weight, and prfisure <)f 

5. What is said respecting the weight of the atmosphere ? 6. A^'hy dd we 
not feel the pressure of the air ? 7 What would be the e^ct <« relieving \is 



from atmospheric pressure? 
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flhe air: some of them jou have already seen. Do you not recol- 
lect, that in a yacuum produced within the air pump, sulistanees 
of Tariottft weights, fell to the bottom in the same time; whj does 
not this happen in the atmosphere? 

Cofolme, I remember you told us it was owing to the resi^« 
ance which lidit bodies meet with, from the air, during their fall. 

Mf9* B. Or, in other words, to Ihe support which tiiej re- 
ceived from the air, and which prolonged the time of their fall. 
Now, if the air were destitute of wei^t, how could it support 
other bodies, or retard their fall ? 

I shall now show you some other experiments, which illustrate, 
in a Jitrikii^ manner, b(^ the wei^t, and elasticity of air. I 
shal) lie a piece of bladder over this sli^s receiver, which, you 
will observe, is open at ^e top as well as below. ) 

CaroHne. Why do you wet the bladder first? 

Mrs. B. It expands by wetting, and ccmtracts in drying; it 
Is also more soft and pliable when wet, so that I can make it 
fit better, and when dry, it will be tighter. We must hold it to 
the fire in order to dry it; but not too near, lest it should burst by 
sadden contraction. I^t us now fix it on the air pump, and ex- 
haust the air from underneath it — you will not be alarmed if you 
hear a noise? 

' Emiiy. It was as loud as the report of a gun, and the blad- 
der is burst! Pray explain how the air is concerned in ^is ex- 
periment, i 

Mrs. B. ^It is the effect of the weight of the atmosphere, oa 
the upner surface of the bladder, when I had taken away the air 
jHrom the under surface, so that there was no longer any reaction ^ 
to counterbalance the pressure of the atmosphere, on the receiver. 
You observed how the bladder was pressed mwards, by the weight 
of the external air, in prqwrtion as I exhausted tlie receiver: 
and before a complete vacuum was formed, the bladder, unable 
to sustain the violence of the pressure, burst with the explosion 
you have just heard. 

I shall now show- you an experiment, which proves the expan- 
sion df the air, contianed within a body, when it is relieved from 
the pressure of the exterSaljair. You would not ima^e that 
there was any air ^ntained within this drivelled apple, by its 
appeaitoce j but XsiM n€^e of itiwhen placed within a receiver, 
from which I shall exhmist the air. > 

Caroline. How strange! it grows quite plump, and looks like 
a fresh -gathered apple. 

Mrs. B. JBut as soon as I let the air again into the recover, 

8^ How may the weight of the air be shown by the aid of the air pump, 
and a piece of bladder ? 9. How is this explained ? 10. How may its elas- 
ticity be cxJubited, by an apple, and by a bladder ? 
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the apple^ you see, Fetnms to its shriveled state. ^ When I took 
away me-pressure of the atmospherct the air within the ap]»lef ex- 
pMided, and swelled it out| but the instant the atmospherical air 
was restored, the expansion of the internal air, was checked and 
I repressed, and the am>le shrunk to its former dimensions. 

Yon may make a similar experiment widi this little bladder, 
which you see is perfectly flaccid, and appears to contain no air: 
in this state I shall tie up the neck of the bladder, so that what- 
ever air remains within it, may not escape, and then place it un- 
der the receiver. Now observe, as I exhaust the receiver, how 
the bladder distends; this p^ceeds from the great dilatatiion of 
the small quantity of air, which was enclosed within ike bladder, 
when I tied it up; but as soon as I let the air into the receiver, 
that which the bladder contains, condenses and shrinks into its^ 
small compass, within the folds of "^e bladder. 

EmUy. These experiments are extremely amusing, and they 
afford clear proofs, both of the weight, and elasticity of the air; 
but I should like to know, exactly, how much the air weighs. 

Mrs. B. A column of air reaching to the top of the atmo* 
sphere, and whose base is a squai^ inch/ weighs about 15lbs. 
therefore, every square inch of cmr bodies^ sustains a weight of ^ 
15lbs. : and if you wish to know the weight of the whole of the 
atmosphere, you must reckon Kow many square inches there are 
on the surface of .the globe^ and multiply them by 15^' 

JSmily, But can we not ascertain the weight of a sttiall quan- 
tity of air? ^ 

Mrs. B, With perfect ease. I shallj^haust the air from 
tills little bottle, by means of the air pump: and having emptied 
the bottle of air, or, in other words, produced a vacuum within 
it, I secure it by turning this screw adapted to its necl«t-we 
may now find the exact weight of this bottle^by putting itinto 
one of the scales of a balance.) It weighs, you see, just two 
ounces; but when I turn the stfrew, so as to admit the air into 
the bottle, the scale which contains it, preponderates. 

Caroline. No doubt the bottle filled with air, is hea>der thaii* 
the b#tle void of air; and the additional weight required to* 
bring the scales again to a balance, must be exactly that of the 
air which the bottle now contains. 

Mrs. B. That weight, you see, is almost two grains. The 
dimensions of this bottle, are six cubic iliches. Six cubic inches 
of air, therefore, at the temperature of this room, weighs nearly 
S grains. 

1 1. What is the absolute weight of a g^ven column of atmospheric air, and 
how could its whole pressure upon the earth be asoertained? 12. Hoyr caA 
the weight of a small bulk of air be found ? 
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Caroline, Why do you obgerve the temperature of the room, 
in estimating the weight of the air? 

Mrs. B. ' Because heat rarifies air, and renders it lighter? * 
therefore the warmer the air is, which you weigh, the lighter if^ 
will be. 

Jf you should now be desirous of knowing the specific gravity 
of this air, we need only fill the same bottle, with watery and 
thus obtain^the weight of an equal quantity of water— which ycwi 
see is 1515 grs.j now by comparing the weight of water, to that 
•of air, we find it to be m the proportion of about 800 to 1. 

As you are acquainted with decimal arithmetic, you will un- 
derstand what I mean, when I tell you, that water oeing called 
1000, the specific gravity of air, will be 1.2. 

I will show you another instance, of the weight of tiie atmo- 
sphere, which I think will please you: you know what a barome- 
ter is? 

Caroline* It is an instrument which indicates the state of 
the weather, by means of a tube of quicksilver^ but how, I can- 
not exactly say. 

Mrs. Ja. It is by showing the weight of the atmosphere, 
which has great influence on the weather. The barometer, is an 
instrument extremely simple in its construction. In order that 
you mav understand it, I will show you how it is made. / I first 
fill with mercury, a glass tube A fe, (fig. 3, plate 14.) about 
three feet in length, and open Dnly at one end; then stopping 
the open end, with my finger, I immerse it in a cup C, contain- 
ing a little mercury. 

Emily. Part of liie mercury which was in the tube, I ob- 
serve, runs down into the cup; but why does not the whole of it 
subside, for it is contrary to the law of the equilibrium of fluids, 
that the mercury in the tube, should not descend to a level with 
tliat in the cup? 

Mrs. B. The mercury that has fallen from the tube, into the 
cup, has left a vacant space in the upper pwt of the tube, to 
which the air cannot gain access; this space is therefore a per- 
Tect vacuum; the mercury in the tube, is relieved from the pres- 
sure of the atmosphere, whilst that in the cup, remains exposed 
to it. \ 

Caroline. Oh, now 1 understand it; the pressure of tlie air' 
op the mercury in the cup, forces it to rise in the tube, where 
there is not any air to counteract the external pressure. 

13;. In ascertaining the weight of air, we take account of its temperature — 
Why ? 14. How could you ascertain the speciiic gravity of air, and what 
would it be ? 15. What are the essential parts of a h^rometer, as represented 
plate 14,%. 3? 
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Emily. Or rather supports the mercury in the tube, and 
prevents it from falling. 

Mrs, B. That comes to the same thing; for the power that 
can support mercury in a vacuum, would also make it ascend, 
when it met with a vacuum. 

Thus you see, that the equilibrium of the mercury is destroy- 
ed, only to preserve the general equilibrium of fluias. 

Ckiroline, But this simple apparatus is, in appearance, very 
unlike a barometer. 

Mrs. B. It is all that is essential to a barometer. The tube 
and the cup, or- a cistern of mercury ,^e fixed on a board, for 
the convenience of suspendii^ it; the brass plate on the upper 
part of the board, is graduated into inches, and tenths of incties, 
f for the purpose of ascertaining the height at which the mercury 
""Standsin the tube;) and the small moveable metal plate, serves 
to show that height, with greater accuracy. 

Emily. And at what hei^t, will the weight of the atmo- 
sphere sustain the mercury? 

Mrs. B, . About 28 or 29 iiiches, . as you will see by this 
barometer; but it depends upon > the weight of the atmosphere, . 
which varies much, in different states of the weather. The great- 
er the pressure of the air on the mercury in the cup, the higher 
it will ascend in the tube. Now can you tell me whether the 
air is heavier, in wet, or in dry weather? 

Caroline. Without a moment's reflection, the air must be 
heaviest in wet weather. It is so dejiressins, and makes one 
feel so heavy, while in fine weather, I feel as light as a feather, 
and as brisk as a bee. 

Mrs, B. Would it not have been better to have answered 
with a moment's reflection, Caroline?. It would have convinced 
you, that the air must be heaviest in /dry weather ;i for it is then, 
that the mercury is found to rise in the tube, and consequently, 
the mercury in the cup, must be most pressed by the air. 

Caroline. Why then does the air feei so heavy, in bad weather? 

Mrs. B. Because it is less salubrious, when impregnated 
with damp. The lungs, under these circumstances, do not play 
so freely, nor does the blood circulate so well; thus obstructions 
are freauently occasioned in the smaller vessels, from which 
arise colds, asthmas, agues, fevers, &c* 

Emily. Since the atmosphere diminishes in density, in the 
upjjer re^ons, is not the air more rare, upon a hill, than in a 
plain; and does the barometer indicate this difference? 

16. What sustains the mercury in the tube? 17. Of ii^iat use are the*^ 
divisions in the Upper part of the instrument? 18. To what height will the 
mercury rise, and what occasions this height to vary? 19. When is the 
mercury highest, in wet, or in dry weather? 20. What occasions the seosa 
lion of oppression, in damp weather ? 
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Mrs. B. Certainly, This instrument, [is so exact in its in- 
dications,\that it is used for the purpose of measuring the heidit 
of mounmins, and of estimating the elevation of bsuloons; Die 
mercury descending in liie tube, as you ascend to a greater 
heidit 

£mily. And is no inconvenience experienced, from the thin- 
ness of the air, in such elevated situations? 

Mrs, B. Oh, yesj frequently. ( K is sometimes oppressive, 
from being insufficient for respiration^ and the expansion which 
takes place, in the more dense air contained within. the body, is 
often painful: it occasions distention, and sometimes causes the 
bursting of the smaller blood-vessels, in the nose, and ears. Be- 
sides in such situations, you are more exj>osed, both to heat, and 
cold; for though the atmosphere is itself transparent, its lower 
r^ons, abound with vapours, and exhalations, from the e^rth, 
wfich float in it, and act in some degree as a covering, which 
preserves us equally from the intensity of the sun's rays, and 
from the severity of the cold. 

Caroline. Pray, Mrs. B., is not i^Q thermometer constructed 
on the same principles as the barometer? 

Mrs. B. Not at all. The rise and fall of the fluid in the 
ftermometOT, is occa»oned(by the ^pansive power of heat, and 
the condensation ixroduced oy colds the air has no access to it. 
An explanation ot it would, therefore, be irrelevant to our pre- 
sent subject. 

Endly. I have been reflecting, that since it is the weidit 
of the atmosphere, which supports the mercury, in the tube of a 
barometer, it would support a column of any other fluid, in tlie 
same manner. 

Mrs. B. Certmnly; but as mercury, is heavier than all other • 
fluids, it wUl support a higher column, of any other fluid; for two 
fluids are in equilibrium, when their height varies, inversely as 
their densities. We find the we^ht of me atmosphere, is emial 
to sustaining a column of water, for instance, of no less than 32 
feet above its level. / 

Caroline. The weight of the atmosphere, is then, as great as 
that of a body of water of 32 feet in height/ 

Mrs. B. Precisely; for a column of air, of the height of the 
atmosphere, is equal to a column of water of about 32 feet, or 
one 01 mercury, of from 28 to 29 inches. 

The common pump, is dependent on this principle. ^By the 

21. Why will the barometer indicate the height of mountains, or of bal- 
loons? 22. Is any inconvenience experienced by persons ascending to great 
heights, and from what cause ? 23. What occasions the rise and foil of the 
mercury, in a thermometer.' 24. To what height will tiie pressure of the 
atmosphere raise a column of water ? 25. What goYems the difference be* 
tween the height of the mercury, and of the water ? ? 
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act of pumping, the pressure of the atmosphere is taken off the 
water^ which, m consequence, rises. 

The body of a pump, consists of a large tube or pipe, whose 

^ lower end is imm^rsea in the water which it is designed to raise. 

/ A kind of stopper^ called a piston, is fij:ted to this tube, and is 

made to slide up and down it, by means of a metallic rod, fastened 

to the centre 01 the piston. 

EmUy, Is it not similar to the syringe, or^^^puirt, with which 
you first draw in, and then force out water? 

Mrs. B. It is; but you know that we do not wish to force 
the water out of the pump, at the same end of the pipe, at which 
we draw it in. The intention of a pump, is to raise water from 
a spring, or well 5 the pipe is, therefore, placed perpendicularly 
over the water, which enters it at -the lower extremity, and it 
issues at a horizontal spout, towards the upper part of the pump; 
to effect this, there are, besides the piston, two contrivances 
called valves. The pump, therefore, is rather a more compli- 
cated piece of machinery, than, the syringe. 

Caroline. Pray, Mrs. B., is not the leather, which covers the 
opening, in the lower board of a pair of bellows, a kind^of valve? 

Mrs. B, It is, valves are made in various forms; (any con- 
trivance, which allows a fluid to pass in one direction, ^and pre- 
vents its return, is called a valve j^that of the bellows, and 01 the 
common pump, resemble each other, exactly. You can now, I 
think, understand the structure of the pump. 

Its various parts, are delineated in this figure: (fig. 4. plate 
14.) (a B is. the pipe, or body of the pump, r the piston, V a 
valve, or little aoor in the piston, whicn, opening upwards, 
admits the water to rise through it, but prevents its returning, 
and Y, is a similar valve, placed lower down in the body of the 
pump; H is tiie handle, wnich in this model, serves to work the 
piston.^ 

Whfen the pump is in a state of inaction, the two valves are 
closed by their own weight; but when, by working the handle 
of the pump, the piston ascends; it raises a column of air which 
rested upon it, and produces a vacuum, between the piston, and 
tiie lower valve Y; the air beneath this valve, which is immedi- 
ately over the surface of the water, consequently expands, and 
forces its way through it; the water, then, jcelievea from the 
pressure of the air, ascends into the pump. ^A few strokes of 
the handle, totally excludes the air ft-om tlie 6ody of the pump, 
and fills it with water, which, having passed through both the 
valves, runs out at the spout. 

Caroline. I understand this perfectly. When the piston is 

26. How does the common pump, raise water from a well ? 27. What 
is meant by a piston ? 28. Describe the construction, and use, of a valve. 
2V. What are Uie parts of the pump, as represented, fig. 4, plate 14 ? 
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elevated, the air, and the water, successively rise in the pump, 
for the same reason as the mercury, rises in the barometer., , 

Emily. I thought that water was drawn up into a pumraijy 
suction,^'un the same manner as water may be sucked through a 
straw. 

Mrs* B, It is so, into tlie body of the pump; for the power 
of suction, is no other than that of producing a vacuum over one ' 
part of the liquid, into which vacuum the liquid is forced, by 
the pressure of the atmosphere, oh another part. The action of 
sucking through a straw, consists in drawing in, and confining 
the breath, so as to produce a vacuum in the mouth 5 in conse- 
quence of whicli, the air within the straw, rushes into the mouth, 
and is followed by the liquid, into which, the lower end of the 
straw, is immersed. The principle, you see, is the same, and 
the only difference consists\in the mode of producing a vacuum, j 
In suction, the muscular powers answer the purpose of • the pis- 
ton and valve. 

Emily. Water cannot, then, be raised by a pump, above 32 
feetj for the pressure of the atmosphere will not sustam a column 
of water, above that height 

Mrs. B. I beg your pardon. It is true that there must 
nfever be so great a distance as 32 feet, from the level of tlie 
water in the well, to the valve in the piston, otherwise the 
water would not rise tlirough that valve; but when once the 
water has passed that opening, it is no longer the pressure of 
air on the reservoir, which makes it ascend; it is raised by lift- 
ing it up, as you would raise it in a bucket, of which the piston 
formed the bottom. This common pump is, therefore, called 
the sucking^ or lifting pump, as it is constructed on both these 
principles. * The rod to wliich the piston is attached, must be 
made sufficiently long,^to allow the pston to be within 32 feet 
of the surface 01 the water in the well, however deep it may be. 
There is another sort of pump, calledithe forcing pump: it con- 
sists of a forcing power, added to the sucking part of tlie purop.^ 
.This additional power, is exactly on the principle of the syringe: 
by raising the piston, you draw tlie water into the pump, and by 
causing it to descend, you force the water out. 

Caroline. But the water must be forced out at the upper 
lart of the pump; and I cannot conceive how that cah be done 
\j the descent of the piston. 

Mrs. B. Fig-ure 5\ plate 14, will explain the difficulty. The 
large pipe, A B, represents the sucking part of the pump, wkicli 
differs from the lifting pump, only in its piston P, being unfurn- 



I 



30. How do these parts act, in raising the water ? 31. In what does that 
which is commonly called suction, consist? 32. How must the piston be sita- 
atedinthepump? 33. What other kind of pump is described? 
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ished wifli a yalve, in consequence of which the watca' cannot 
rise above it. ) When, therefore, the piston descends, it shuts 
the valve Y, atid forces the water (which has no other vent) into 
the pipe D: this is likewise furnished with a valve V, which, 
opening upwards, admits the water to pass, but prevents its 
return. 

The water, is thus first raised in the pump, and then forced 
into the pipe, by the alternate ascending, and descending motion 
of the piston, after a few strokes of the handle to fill me pipe, 
from whence the water issues at the si)out 

Emily. Does not the air pump, which you used in the experi- 
ments, on pneumatics, operate upon the same principles as the 
sucking pump? 

Mrs. B. Exactly. ^The air pump which I used (plate l,fig. 
2,) has two hollow, brass cylinders, called barrels, which ara 
made perfectly true. In each of those barrels, there is a piston; 
these are worked up, and down, by the same handle; the pistons, 
are furnished with valves, opening upwards, like diose of the 
common pump: there are valves dso, placed at the lower part 
of each barrel, which open upwards; , there are therefore two 
pumps, united to produce the same effect: two tubes, connect 
these barrels with the plate, upon which I placed the receivers, 
which were to be exhausted. 

Emily. I now understand how the air pump acts; the re- 
ceiver contains air, which is exhausted, just as it is by the com- 
mon pump, before the water begins to rise. 

Mrs. B, Having explained the mechanical properties of air, 
I think it is now time to conclude our lesson. When next we 
meet, I shall give you some account of wind, and of sound, which 
will terminate our observations on elastic fluids. 

Caroline, And I shall run into the garden, to have the plea- 
sure of pumping, now that I understand the construction of a 
pump. 

Mr8, B. And, to-morrow, I hope you will be able to tell me| 
whether it is a forcing, or a common lifting pump. 

34. How is the Ibrdng^ pomp constructed, as shown in plate 14, fi|f. 5 ? 3^ 
Describe the construction and operation of thtf air pamp, (fig;. ^ plate 1.) 
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ON WIND and' sound. 

OV WIND 19 6EN£RAL.-^T THB TRADS-WIND.^F TBX PERIODICAX. 

TRADE-WINDS. — OV THE AERIAL TIDES. — OF SODND^ IN GENERAL. OF 

BONOROirS BODIES. — OF MUSICAL S0VND8.---0F CONCORD OR HARM ONT, 
AXn> MELODY. 

MRS* B. 

Well, Caroline, have you ascertained what kind of pump you 
have in your garden? 

CaroltrHB. I think it must be merely a lifting pump, because 
no more force is required to raise the handle man is necessary 
to lift its wei^t; ana as in a forcing pump, by raising the handle, 
you force the water into the smaller pipe, the resistance the 
water oflfers, must require an exertion of strength, to overcome it 

Mrs. B. I make no doubt you are right; for lifting pumps, 
iwang simple in their construction, are by far the most common. 

I have promised to day to give you some account of the nature 
of wind. Wi^d is noticing more than ^he motion of a stream, or 
current of air, generally produced by a ^partial change of temper- 
ature in the atihospherejjfor when any one part is more heated 
tW the rest, that part is rarefied, the air in consequence rises, 
and tiie equilibrium is destroyed. When this happens, there 
necessarily follows a motion of the surrounding air towards that 
part, in order to rest9re it; this spot, therefore, receives vrinds 
from every quarter, i Those who live to the north of it, experi- 
ence a north wind; those to the south, a south vnnd:t--do you 
eomm^hend this? 

daroline. Perfectly. But what sort of weather must those 
people have, who live on the spot,' where these winds meet and 
interfere? 

Mrs. B. They have most commonly tuii>ulent and boister- 
ous weather, whirlwinds, hurricanes, rain, lightning, tliunder, 
&c. This stormy weather occurs most frequently in the torrid 
zone, where the heat is greatest: the air being more rarefied 

1 . What is wind, find how is it g;enera]ly produced ? 2. How do the winds 
blow, around the place where the air becomes rarefied f 3. What effect v 
ykely to be produced where the winds meet ? 
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tiie]!«, tiian in any other part of the globe, is li^ier, and ccmse- 
quentlj, ascends; whilst the air from the north and soutii^ is 
continually flowing in, to restore the equilibrium. 

Caroline. This motion of the air, would pltniuce a re^lar 
and constant nordi wind, to the inhabitants of tiie normerh 
hemisphere; and a south wind, to those of the southern hemi- 
sphere, and continual storms at the equator, where these two ad- 
verse winds would meet 

Mrs, B. These winds do not meet, for they each change 
their direction before they reach the equator. The sun, in mov- 
ing over the^equato^al regions\from east to west, rarefies tiie 
air as it passes, and( causes the denser eastern air to flow west- 
warden order to restore the equilibrium, thus producing a re- 
gular -eilst wind, about the equator.^ 

Caroline. ' The air from the west, then, constimtly goes to 
meet the sun, and repair the disturbance which his beams have 
produced in ^e equiubrium of the atmosphere. But I wonder 
how you^will reconcile these various winds, Mrs. B.; you first 
led me to suppose there was a constant struggle between oppo- 
site winds at the equa^r, producing storm and tempest; but 
now I hear of one regulaM^variable wind, which must natiuraily 
be attended by calm weather. 

Emily. I think I comprehend it: do not these winds from 
the north and south, combme with the easterly wind about tiie 
equator, and form, what are called, the trade-winds? 

Mrs. B. Just so, my dear. \The composition of tiie two 
winds, north and east, produces a constant north-east wind^and 
that of the two wbids, south and east, produces a regular south- 
east wind; these winds extendfto about thirty desrees cm each 
side of the equator^ the regions further distant from it, expe- 
riencinff only their respective northerly and southerhr winds. 

Caroline. But, Mrs. B., if the air is constantly flowing from 
the poles, to the torrid zone, there must be a denciency of air, 
in the polar r^ons? 

Mrs. B. Tne light air about the equator, which expands, 
and rises into the upper regions of the atmosphere, ultimately 
flows from thence, bacK to the poles, to restore the equilibrium:: 
if it were not for this resource, the polar, atmo8[^enc rc^ons^ 
would soon be exhausted by the stream of air, which, m the 
lower strata of the atmosphere, they are ccmstantly sending to- 
wards the equator. 

Caroline. There is then a sort of circulation tf air in the at 

4. In what^part of the globe ia the air moet rare^ed, and what is the con 
sequence? 5. How do these winds change their direction as they ai^oach 
the equator ? 6. How are the trade- winds produced, and how §u do they 
extend ? 7. How is the equilibrium in the aur restored ? 
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mosphere; the air in the lower strata, flo>ving from the poles tor 
wards the equator, and in the upper strata, flowing back frcm 
the equator, towards the poles. 

Mrs. B. Exactly; I can show you an example of this circu- 
lation, on a smaller scale. **^e idr of this room, being more 
rarefied, than the external air, a wind or current of air is pour- 
ing in from the crevices of the windows and doors, to restore the 
equilibrium; but the light air, with which the room is filled, must 
find some vent, in order to make way for the heavy air that en 
ters.' If you set the door a-jar, and "hold a candle near the up- 
per part of it, you will find liiat the flame will be blown out- 
ward, showing that there is a current of air flowing out from the 
upper part of the room.-^Now place the candle on the floor, 
close by the door, and you will perceive, by the inclination of 
flie flame, that 4here is also a current of air, setting into the 
room. 

Caroline. It is just soj the upper current is the warm light 
air, which is driven out to make way for the stream of cold 
dense air, which enters the room lower down. 

Mrs. B. Besides the general, or trade-winds, there are 
others, which are called periodical, because they blow in con- 
trary directions, at particular periods. 

£mUy. I have heard, Mrs. B., that the periodical winds, 
galled, m the torrid zone, tiie sea and land breezes, blow tP- 
WMtls the land, in the day time, and towards the sea, at night: 
what is the reason of that? 

Mrs. B. : The land reflects into the atmosphere, a much 
^eater quantity of the sun's rays, tiian the water;) therefore 
Siat part of the atmosphere which is over the land, is more 
heated and rarefied, than that which is over the sea: this occa- 
sions the wind to set in upon the land, as we find tlmt it regu- 
larly does W the coast of Guinea, and other countries in the 
torrid zone.. There, they have only the sea breeze, but on the 
islands, they have, in general, both a land and sea breeze, the 
latter being produced in the way described; whilst at night, 
during the absence of the sun, the earth cools, and the air is 
consequently condensed, and flows from the land, towards the 
sea, occasioning the land breeze. 

Emily. I have heard much of the violent tempests, occa- 
sioned by the breaking up of the monsoons; are not they also 
regular trade-winds? 

Mrs. B. They are called, periodical trade-winds, as they 
change their course every half year. This variation is produced 

8 How can conV^ry currcnta of air be shown in a room ? 9. What causes 
this? 10. What is meant by a periodical wind? 11. What occasions the 
land and sea breezes, and where do they {>reTaii ? 
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bf the earth's annual course round the sun^^the north pole beinr 
inclined towards that luminary one half df the year, the south 
pole, the other half. During the summer of the northern hemi^ 
sphere, the countries of Arabia, Persia, India, and China, are 
much heated, and reflect great quantifies of the sun's rajs into 
the atmosphere, by which it becomes extremely rarefied, and 
the equilibrium consequently destroyed. In order to restore it, 
the air from the equatorial soutiiem regions, where it is colder, 
(as well as from the colder northern parts,) must necessarily 
have a motion towards those parts. The current of air from the 
equatorial regions,' produces the trade-winds for the first six 
months, in all the seas between the heated continent of Asia; 
and the equator. The other six months, when it is summer in 
the southeni hemisphere, the ocean and countries towards the 
southern tropic are most heated, and the air over those parts, 
more rarefied: then the air about the equator alters its course, 
and flows exactly in an opi)osite direction. 

Caroline. This explanation of the monsoons is very curious; 
but what does their breaking up mean ? 

Mrs. B, It is the name given by sailors to the shifting of 
the periodical winds; they do not change their course suddenly, 
but Dy degrees, as the sun moves from one hemisphere, to the 
other: this change' is usually attended by storms and hurricanes, 
very dangerous forshippingj so that those seas are seldom navi- 
gated at the season of tne equinoxes. 

Emily. I think I understand the y^inds in the torrid zone 
perfectly well; but what is it that occasions the great variety of 
winds, which occur in the temperate zones? for, according to 
your theory, there should be only north and south winds, in 
those climates. 

Mrs. B. Since so large a portion of the atmosphere, as is 
over the torrid zone, is in continued agitation, these agitations 
in an elastic fluid, which yields to the sUffhtest impression, must 
extend every way, to a great distance; the air, therefore, in all 
climates, will suffer more or less perturbation, according to the 
Situation of the country, the position of mountains, valleys, and 
a variety of other causes: hence it is easy to conceive, that al- 
most every climate, must be liable to variable winds; .this is par- 
ticularly the case in high latitudes, Ivhere the eai-th is less pow- 
erfully affected by the sun's rays, than near the equator. ^ 

Caroline. I have observed, that the wind, whichever way it 
blows, almost always falls about sun-set 

12. What are monsoons ? 13. How do they change, and what is the cause ^ 
14. What is meant by their breaking tip, and what effect is in general pro- 
duced.' 15. Why is the wind most variable in high latitudes ? 
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Mn, B. i Because the rarefaction of air in the particular spot 
which produces tiie wind, diminishes as the sun declines, /and 
consequently the velocity of the wind, abates. 

Emdy. Since the air is a gravitating fluid, is it not affected 
bj the attraction of the moon and the sun/ in the same manner 
as the waters? ) ^ 

Mrs. B. Undoubtedly^ but the aerial tides are as much ereat- 
er than those of water, as the density of water exceeds that of 
air, which, as you may recollect, we found to be about 800 to 1. 

Caroline. What a prodigious protuberance that must occa- 
sion I How much the weight of such a column of air, must raise 
the mercury in the barometer! 

Emily. As this enormous tide of air is drawn up and sup- 
ported, as it were, by the moon, its weight and pressure, I 
should suppose, would be rather diminished than increased? 

Mrs. B. The weight of the atmosphere is neither increased 
nor diminished by the aerial tides. Tne moon's attraction aug- 
ments the bulk, as much as it diminishes the wei^t, of the co- 
lumn of airjNthese effects, therefore, counterbalancmg each other^ 
the aerial tides do not affect the barometer. 

Carolina. I do not quite understand that. 

Mrs. B. Let us suppose that the additional bulk of air at 
hi^ tide, raises the barometer one inch; and on the other hand, 
that the support which the moon's attraction affords the air, di- 
minishes its weight or pressure, so as to occasion the meixury 
to fall one inch; under these circumstances the mercury must 
remain stationary. Thus, you see, that we can never be sensi- 
"Ue of aerial tides by the barometer, on account of the equality 
of pressure of the atmosphere, whatever be its height. 

The existence of aerial tides is not, however, hypothetical; it 
is proved by the effect they produce on the a]>parent position of 
iiie heavenly bodies; but this I cannot explain to you, till you 
understand tlie properties of l^ht. 

Emily. And *wnen shall we learn them? 

Mrs. J?. I sh^U first explain to you the nature of sound, 
which is intimately connected with {nat of air; and I iiiink at 
our next meeting, we may enter upon the subject of optics. 

We have now considered the effects produced by the wide, 
and extended a^ta,tion, of the air; but there is another kind of 
agitation, of which the air is susceptible-^-a vibmtory tremblii^ 
motion, which^ striking on the drum of the ear, produces sountU 

Caroline. Is not sound, produced by solid bodies? The voic^ 

16. Why is the wind apt to lessen about sunset? 17. What effect must 
the sun and moon produce upon the atmosphere, from their attnuiSlion? 
T8. Why do not the aerial tides aSect the barometer f 
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of animalsy iJie rin^n^ of bells, the music of instrumentSt all 
proceed from solid bodies. I know of no sound but that of the 
windy which is produced by the air. 

Mrs. B. Sound, I assure you, result^ from a tremulous mo- 
tion of theair^'and the sonorous bodied you enumerate, are 
' merely the instruments by which that peculiar species of motion, 
is communicated to the air. 

Caroline. What! when I ring this little bell, is it the air that 
sounds, and not the bell? 

Mrs. B, Both the bell, and the air, are concerned in the pro- 
duction of sound. But sound, strictly speaking, is a perception 
excited in the mind, by the motion oi the air, on the nerves of 
the earj the air, thererore, as well as the sonorous bodies which 
put it in motion, is only the cause of sound, the immediate ef- 
fect is produced by the sense of hearing: for without this sense, 
there would be no sound. 

Ermly* I can with difficulty conceive that. A person bom 
deaf, it is true, has no idea of sound, because he hears nonej yet 
that does not prevent the real existence of sound, as all those 
who are not deaf, can testify. 

• Mrs. B. I do not doubt the existence of sound, to all those 
who possess the sense of hearing; but it exists neither in the 
sonorous body, nor in the air, but in the mind of the person 
whose ear is struck, by the vibratory motion of the air, produced 
by a sonorous body. Sound, therefore, is a sensation, produced 
in a living body; life, is as necessary to its existence, as it is to 
that of feeling or seeing. 

To convince you that sound dpes not exist in sonorous bodies, 
l)ut that air or some other vehicle, is necessary to its production, 
endeavour to ring the little bell, after I have suspended it under 
a receiver in flie air ))ump, from which I shall exnaust the air.... 
. Caroline. This is indeed very strange; though I agitate it so 
violently, it produces but little sound. 

Mrs. B. By exhausting the receiver, I have cut off the com- 
munication between the air and the bell; tiie latter, ther^ore, 
cannot impart its motion, to the air. 

Caroline. Are you sure that it is not the glass, which covers 
the bell, t^at prevents our hearing it? 

Mrs. B. That you may easily ascertain, by letting the air 
into the receiver^ and then ringing the bell. 

Caroline. Very true: I can hear it now, almost as loud, as if 
the glass did not cover it^ and I can no longer doubt but that 
air is necessary to the production of sound. 

i9. How is sound produced ? 20. Does sound exist ia the sonorous bod}', 
if not, what is it? 21. By what expeilment might we prove that air is the 
priocipal v^de of 90und f 
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Mrs. B. Not absolutelj^ necessary, tiiough by far the moit 
common vehicle of sound. / Liquids, as well as air, are capable 
of conveying the vibratory motion of a sonorous body, to the 
orffim of hearing; as sound can be heard under water. , Solid 
belies also, convey sound, as I can soon convince you by a very 
simple experiment. I shall fasten this string by the middle, 
round the poker; now raise the poker from the ground, by the 
two ends of the string, and hold one to each of your ears:-^! 
shall now strike the poker, with a key, and you will find thit 
the sound is conveyed to the ear by means of the stiinss, in a 
much more perfect manner, than if it had no other vehicle than 
the air. 

Caroline. That it is, certainly, for I am almost stunned by 
the noise. But what is a. sonorous body, Mrs. B.? for all bo- 
dies are capable of producing some kind of sound, by the moticm 
they communicate to the dr. 

Mrs, B, . Those bodies are called sonorous, which produce 
clear, distinct, re^lar, and durable sounds, such as a bell, a 
drum, musical stnngs, wind instruments, &c. '^^^J owe this 
property to their elasticity; for an elastic body, aner having 
been strutk, not only returns to its former situation, but haviny^ 
acij^uired momentum by its velocity, like the pendulum, it 
springs out on the opposite side. If I draw the string A B, (fig. 
6, plate 14,) which is made fast at both ends, to C, it will not 
only return to its original position, but proceed onw^ds, to D." 

This is its first vibration | at the end of which, it will retain 
sufficient velocity to bring it to E, and back a^n to F, which 
constitutes its second vibration; the third vibration, will carry it 
only to G and H, and so on, till the resistance of the air destix>ys 
its motion. 

The vibration of a sonorous body, gives a tremulous motion tb 
the air around it, very similar to the motion communicated to 
smoQth water, when a stone is thrown into it. This, first pro- 
duces a small circular wave, around the spot in which the stone 
falls; the wave spreads, and gradually communicates its motion 
to the adjacent waters, producing, similar waves to a consider- 
able extent The same Jkind of waves are produced in the air, by 
the motion of a sonorous body, but with this difference, that as 
air, is an elastic fluid, the motion does not consist of rc^larly 
extending waves, but of vibrations; and are composed of a mo- 
tion, forwards and backwards, similar to those of the sonorous 

22. What other bodies convey sound, and how can it be shown that they 
do so ? 23. What is meant by a sonorous body ? 24. To what do they owe 
this property? 25. How is this explained by fig. 6, plate 14? 26. How u 
it illustrated by a ttone thrown into water, and how nr does this iUnstratioa 
apply? 
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body. They differ also, in the one taking place in a plane, the 
other, in all directions: the aerial undulations, being spherical. 

JEmihf, But if the air moves backwards, as well as forwards, 
how can its motion extend so as to convey sound to a distance? 

Mrs, Bn The first sphere of undulations, which are produced 
immediately around the sonorous body, by pressing a^inst the 
^ntieuous air, condenses it. The condensed air, though im- 
pelled forward by the pressure, reacts on the first set of undu- 
lalions, driving uiem back again. The secoud set of undula- 
tions which have been put in motion, in their turn, communicate 
their motion, and are themselves driven back, by reaction. 
Thus, there is a succession of waves in the air, corresponding 
with the succession of waves in the water. 

Caroline. The vibrations of sound, must extend much further 
than the circular waves in water, since sound is conveyed to a 
great distance. 

Mrs, B. The air is a fluid so much less dense than water, 
that motion is more easily communicated to it. The^eport of a 
cannon produces vibrations of the air, which extend to several 
miles around. 

Emily, 'Distant sound takes some time to reach us, since it 
^ is produced at the moment the cannon is fired 5 and we see tha, 
\ lignt of the flash, long before we hear the report. ^ 
"" Mrs. B\ T^e air is immediately put in motion, by the firing 
of a cannon; but it requires time for the vibrations to extend to 
any distant spot. The velocity of sound, is computed to be at 
die rate of 1142 feet in a second. 

CaroUne, With what astonishing rapidity the vibrations 
must be communicated! But the velocity of sound varied, I sup- 
pose, with that of the air which conveys it. If the wind sets 
towards us from the cannon, we must hear the report sooner than 
if it set the other way. 

Mrs. B, The direction of the wind makes less difference in 
the velocity of sound, than you would imagine. » If the wind sets 
from us, it bears most of the aerial waves away, and renders the 
sound fainter; but it is not very considerably longer in reaching 
ihe ear, thai\ if the wind blew towards us. This unifonn velo- 
city of sounds enables us to determine the distance of the object, 
from which it proceeds; as that of a vessel at sea, firing a cannon, 
or that of a thunder cloud. If we do not hear the thunder, till 
half a minute after we see the lightning, we conclude the cloud 
to be at the distance of six miles and a half. 

27. How are the yibrations propagated? 28. How can we prove that 
sound, does not travel as rapidly as light ? 29. At what rate is sound said to 
travel? 30. Is the velocity much influenced by the direction of the wind? 
31. How will sound enable us to judge of the distance of obj^ts ?. / 
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Emihf.. pray, how is the sound of an echo produced? 

MrB. B. \ When the aerial vibrations meet with an obstacle, 
having a hard and regular surface, such as a wall, or rock, ihej 
are reflected back to the ear^ and produce the same sound a se- 
cond time; but the sound will then appear to proceed, from the 
object bj which it is reflected. If trie vibrations fall perpen- 
dicularlj on the obstacle, they are reflected t)ack in the same 
line; if obliquely, the sound returns obliquely, in the opposite 
direction, the angle of reflection being equal to the angle of in- 
cidence. 

Caroline. Oh, then, Emily, I now understand why the echo 
of my voice behind our house is heard so much plainer by you 
than it is by me, when we stand at the opposite ends of the 
gravel walk. My voice, or rather, I shoultl say, the vibrations 
of air it occasions, fall obliquely on the wall oi tlie house, and 
are reflected by it, to the opposite end of the gravel walk. 

Emily. Very true; ana we have observed, that when we 
stand in the middle of the walk, opposite the house, the echo re- 
turns to the person who spoke. 

Mrs. B. Speaking-trumpets, are constructed on the principle, 
that sound is reflected. The voice, instead of being diffused in 
the open air, is confined within the trumpet; and the vibrations 
which would otherwise spread laterally, fall against the sides of 
the instrument, and are reflected from the difterent points of in- 
cidence, so as to combine with those vibrations which proceed 
straight forwards. The vibrations are thus forced onwards, in 
the direction of the trumpet, so as ^eatly to increase the sound, 
to a person situated in that direction. Figure 7, plate 14, will 
give you a clearer idea, of the speaking-trumpet; in this, lines 
are drawn to represent the, manner, in which we may imagine 
the sound to be reflected, f There is a point in front of the trum- 
pet, F, which is denominkted its focus, because the sound is 
there more intense, than at any other spot /The trumpet used 
by deaf persons, acts on the same principle; although it does 
not equally increase the sound. 

Emily. Are the trumpets used as musical instruments, also 
constructed on this principle? 

Mrs. B. So far as their form tends to increase the sound, 
they are; but, as a musical instrument, the trumpet becomes it- 
self the sonorous body, which is made to vibrate by blowing into 
it, and communicates its vibrations to the air. • 

I will attempt to give you, in a few words, some notion of the 
nature of musical sounds, which, as you are fond of music, must 
be interesting to you. 

3^2. How are echoes produced ? 33. What is the operatioD and cflfect of 
the speaking-trmnpet (fig. 7, plate 14) ? 
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If a sonorous body bse struck in such a. manner, that its' vilmi- 
tions, are all performed in regular times, the vibrations of 
the air, will correspond with them; jpind striking in the same 
regular manner on the drum of me ear, will produce the 
same uniform sensation, on the auditory nerve, and excite the 
same uniform idea, in the mindj or, in other words, we shall 
hear one musical tone. 

But if the vibrations of the sonorous body, are irrfegulari there 
will necessarily follow a confusion of aerial vibrations/ for a 
second vibration may commence, before the first is finished, meet 
it half way on its return, interrupt it in its course, and produce 
harsh jarring sounds, which are called discords. 

Emily* But each set of these irregular vibrations, if repeated 
alone, and at equal intervals, would, I suppose, produce a musi- 
cal tone? It is only their irregular interference, which occasions 
discord. 

Mrs, B* Certainly. (The quicker a sonorous body vibrates, 
the more acute, or sharp, is the sound produced5^and the slower 
the vibrations, the more grave will be the note. / 

Caroline. But if I strike any one note of the piano-forte, 
repeatedly, whether quickly or slowly, it always gives the same 
tone. Qi'^ '' 

Mr$. B. Because the vibrations of the same string, at the 
same degree of tension, are always of a similar duration. The 
quickness, or slowness of the vibrations, relate to the single tones, 
not to the various sounds which they may compose, by succeed- 
ing each other. Striking the note in quick succession, produces 
a more frequent repetition of the tone, but does not increase the 
velocity of the vibrations of the string. 

The duration of the vibrations of strings, or wires, depends 
upon their length, their thickness, or weight, and their degree 
of tension : thus, you find, the low bass notes are producediby 
long, thick, loose strings;^ and the high treble^ notes by shoVt, 
small, and tight string^ - 

Caroline, Then, the different length, and size, of the strings 
of musical instruments, serve to vary the duration of the vibra- 
tions, and consequently, the acuteness or gravity of the notes? 

Mrs, B, Yes. Amonx then aiiety ot tones, there are some 
which, sounded together, mease xhe ear, producing what we call 
harmony, or concord. This arises from the agreement of the 
vibrations of the two sonorous bodies; so that some of the vibra- 
tions of each, strike upon the ear at tlie same time. Thus, if the 

34. How is a musical tone produced ? 35. What occasions discords ? 36* 
Upon what doas the acuteness or gravity of a sound depend? 37. Does the 
force, with which a string is struck, affect the rapidity of its vibrations ? 38. 
How are the strings made to produce the hi|;fa and low notes f 39. What is 
mewit by harmony, or conoord, and how u it prodnded ? 
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vibratioiHi of two strings arc performed in equal tiraci8,]yie same 
tone is produced by botli, and they are said to be in unison. 

Emily, Now, tnen, I understand why, when I tune my harp, 
in unison with the piano-forte, I draw the strings tighter, if it is 
too low, or loosen them, if it is too high a pitch: it is in order to 
bring them to vibrate, in equal times, with the strings of the 
piano-forte. 

Mrs, B, But concord, you know, is not confined to unison; 
for two different tones, harmonize in a variety of cases. ; AVTien 
the vibrations of one string (or other sonorous body) vibrate in 
double the time of another, the second vibration of the latter, will 
strike upo^L the ear, at the same instant, as the first vibration of 
the formers/and this is the concord of an octave. 

If the vibrations of two strings are as two to three, the second 
vibration of the first, corresponds with the third vibration of the 
I Atter,t producing the harmony called, a fifth. 

Caroline, So, then, when I strike the key-note with its fifth, 
I hear every second vibration of one, and every third of the 
other, at the same time? 

Mrs. B. Yes; and the key-note, struck with the fourth, is 
likewise a concord, because the vibrations, are as three to four. 
The vibrations of a major third, with the key-note, are as four to 
five; and those of a minor third, as five to six. ") 

There are other tones, which, though they eannot be struck 
together without producing discord, if struck successively, ^ve 
us that ^succession .of pleasing sounds^ which is called melody. 
Harmon^, you perceive, arises frpm the combined effect of two, 
or more concorciant sounds, while: melody, is the result of certain 
simple sounds, which succeed each other. Upon these general 
principles, the science of music is founded; but, I am not suffi 
ciently acquainted with it, to enter into it any further. 

We shall now, therefore, take leave of the subject of sound; 
and, at our next interview, enter upon that of optics, in which 
we shall consider the nature of light, vision, and colours. 

40. When are strings said to be in unison ? 41. How are octaves pro- 
duced ? 42. How are fifths produced ? 43. How major and minor thirds ? 
44. What is meant by melody, and in what particular does it differ from har- 
mony.' 



y Google 



CONVERSATION XIV. * 



ON OPTICS. 

^F LUMINOUS, TRANSPARENT, AND OPAaUE BODIES. — OT THE RADlATlOir 

OF LIGHT. OF SHADOWS. OF THE REFLECTION OF LIGHT. OPAaVK 

BODIES SEEN ONLY BY REFLECTED LIGHT. — VISION EXPLAHTXD.*- 
CAMERA 0B8CVRA. — ^IMAGE OF OBJECTS ON THE RETINA. 

. CAROLINE. 

I LONG to begin our lesson to day, Mrs. B. 9 for I expect that 
it will be very entertaining. 

Mrs, B. ^ Optics is that branch of philosophy^ which treats of 
the nature and properties of light\ It is certainly one of ti55& 
most interesting branches of Natural Philosophy, but not one 
of the easiest to understand; I must, therefore, beg that you will 
give me your undivided attention. 

I shall first inquire, whether you comprehend the meaning of 
a luminous body^ an opaque body, and a transparent body. 

Caroline. A luminous body is one that shines; an opaque.... 

Mrs, B, Do not proceed to the second, until we have agreed 
upon the definition of the first: All bodies that shine, are not 
luminous; for a luminous body is one that shiues by its own 
light; as the sun, the fire, a~ candle, &c. 

Emily, Polished metal then, when it shines with so much 
brilliancy, is not a luminous body? 

Mrs. B, No, for it would be dark, if it did not receive light 
from ft luminous bocly;}it belongs, therefore, to the class (rf 
dark, as well as of opaque bodies, which comprehends all such as 
are neither luminoib, nor will admit the light to pass tiux)Uffh them. 

Emily, And transparent bodies^ are those which admit lie 
light to pass through them^' such as glass and water. 

Mrs. B. You are right. Transparent, or pellucid bodiesL 
^re frequently called medium's, because they allow the rays of 
light to pass through them; and the rays which pals throi^hy 
are said to be transmitted by them. * 

Light, when emanated from the sun, or any other ImninoaS' 

1. What is optica ? 2. What is meant by a lominous body? S. What k 
meant by a dark body, and what by an opaque body ? 4» WW are trainp^ 
re^t bodies? 5. What is a medium f 

O 
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body, is projected forwards in straidit lines, li* every possible 
direction; so that the luminous body, is not only the general 
centre, from whence all the rays proceed; but every point of it, 
, may be considered as a centre, wnich radiates li^t in every di- 
rection. ! (Fig. 1, plate 15.) 

Em^, But do not the rays which are projected in different 
directions, and cross each other, interfere, and impede each 
other's course? 

Mvs, B. Not at all. • The particles of light, are so extreme- 
ly minute, that they ^re" never known to interfere wiih each 
other. A ray of light, is a single line of light, projected from a 
luminous body; ana a pencil of raysiis a collection of rays, pro- 
ceeding from any one point of a lummous body^ as fig. £. 

Caroline, Is light then a substance composed of particles, 
like other bodies? 

Mrs, B. fThat is a disputed point, upon which I cannot pre- 
tend to decide. In some respects, light is obedient to the laws 
which govern bodies; in others, it appears to be independent of 
them: uius, though its course is guiaed by the laws of motion, 
it does not seem to be influenced by those of gravity. It has 
never been discovered to have weight, though a variety of inte- 
resting experiments have been made with a view of ascertaining 
that point; but we are so ignorant of the intimate nature of light, 
that an attempt to investi^te it, would lead us into a labyrinth 
of perplexitv, if not of error; we shall, therefore, confine our at- 
tention to tnose ppperties of light, which are well ascertained. 

Let us return to the examination of the effects of the radia- 
tion of light, from a luminous body. Since the rays of light are 
projected in straight lines, when they meet with an opaque body 
through which they are unable to pass, they are stopped short in 
their course; for they cannot move in a curve line round the body. 

Caroline, No, certainly; for it would require some other 
force besides that of projection, to produce motion in a curve 
line. 

Mrs, B. The interruption of the rays of light, by the opaque 
body, produces, therefore, darkness on the opposite side of it; 
and if ^is darkness fall upon a wall, a sheet of paper, or any 
object whatever, it forms a shadow. 

Endfy. A shadow, then, is nothing more than darkness pro- 
duced by the intervention of an opaque bodv, which prevents 
the rays of light from reacliingan object behind it 

9. How is lig^t projected from luminous bodies, and how, from erery point 
of such bocBes, (%. 1, plate 15 ?) 7. Why do not the rays of light from dif- 
ferent points, stop eadi other's progress ? 8. What is a ray, and what a pen- 
cil of rays ? %. % j^ate 15. 9. Do we know whether lig^ht is a substance, 
similar to boduBs in general ? 10. When a ray of light £UIs upon as opaque 
body, what is the r^ult.^ 
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CaroHne. Why then are shadows of different deseed rf 
darkness; for I should have supposed, from your definition of a 
shadow, that it would have been perfectly black? f 

Mrs. B. It frequently happens that a shadow is fNroducediby 
an opaque body, interrupting the course of the rays from one 
luminous bodj\ while light from another, reaches the space where 
the shadow isobrmed; m which case, the shadow is proportion^ 
ally fainter. This happens when the opaque body is l^ted by 
two candles: if you extinguish one of them*, the shadow will be 
both deeper, and more distinct 

Caroline. But yet it will not be perfectly dark. 

Mrs. B. V Because it is' still slightly illuminated by li^t 
reflected from the walls of the room, and otjj^er surroundmg 
objects.^ 

You must observe, also, that when a shadow is produced by 
the interruption of rays from a single luminous body, the dark- 
ness is proportionedrto the intensity of the light. ) 

Emuy. I shoula'have supposed the contrary 5 for as the 
light reflected from surrounding objects on the shadow, must be 
in proportion to the intensity of the lidit^ihe stronger the light, 
the more the shadow will be illumined. 

Mrs. B. Your remark is perfectly justj but 1^ we have no 
means of estimating the de^ees of light, and of dadmess, but by 
comparison, the strongest light will appear tq produce the deep- 
est shadow. Hence a total eclipse ot the sun, occasions a more 
sensible darkness than midnight, as it is immediately contrast- 
ed with the strong light of noonday. 

Caroline. The re-appearance of the sun, after an eclipse, 
must, by the same contrast, appear remarkably brilliant. 

Mrs. B. Certainly. There are several things to be observed, 
in regard to the form, and extent, of shadows. \ If the luminous 
body A (fig. 3.) is larger than the opaque body B, the shadow 
will gradually diminish in size, till it terminates in a point. 

Caroline. This is the case with the shadows of the earth, and 
the moon; as the sun, which illumines them, is larger than either 
of those bodies. And why is it not tlie case witn the shadows 
of terrestrial objects? Their shadows, far from diminishing, are 
always larger than the object, and increase with the distance 
from it 

Mrs. B. In estimating the effect of shadows, we must con- 
sider the dimensions of the luminous body; when the luminous 
body is less, than the opaque body, the shadow will increase 

11. In what does shadow consist? 12. Why are they, in g^eneral, bat 
partially dark? 13. Upon what does the intensity of a shadow depend.' 
14. How are shadows affected by the size of the luminous body, as represent- 
ed In plate 15, fig. 3 ? 15. When is Ae shadow larger than the intercepting^ 

bcdv? 
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»rith the distance. ^ This will be best exemplified, bj observing 
Ihe shadow of an oBject lighted by a candle. 

Emily. I have often noticed, that the shadow of my figure, 

X'nst the wall, grows larger, as it is more distant n*om me, 
;^ is owing, no doubt, to the candle that shines on me, be- 
ing much smaller timn myself. 

Mrs. B. Yes. ( The shadow of a figure as A, (fig. 4.) varied 
in size, according to the dist^ce of the several surfaces BCD 
£, on which it is described. / 

CaroKne. I have observed, that two c&ndles, produce tw« 
shadows from the same object; whilst it would appear, from 
Yfhht you said, that they should rather produce only half a sha- 
dow, that is t6 say, a very faint one. 

Mrs. B, The number of lights (in different directions) while 
it decreases the intensity of the shaclows, increases their number, 
which always corresponds with that of the limits; for each ligiU, 
•makes the opaque body cast a different shadow, as illustrated by 
fig. 5. which represents a ball A, lighted by three candles, B, 
C, l)f and you observe the light B, pi-oduces the sliadqw b, the 
light C, the shadow c, and tlie light D, the shadow rf; )but nei- 
ther of these shadows will be very dark, because the liglit of one 
candle only, is intercepted by the ballj dnd the spot is still illur 
minated by the otiier two. 

Emily. I think we no^ understand the nature of shadows 
very well; but pray, what becomes of tlie rays of light, wliich 
opaque bodies arrest in their course, and tlie interruption of 
which, is the occasion of shadows? 

Mrs. B. Your question leads to a very important property 
of Hght, Befkction. When rays of light encounter an opaque 
body, they cannot pass through it, and pa.i:( of them are absorbed 
by it, and part are I'eflected, and rebouml^^ just as an elastic ball 
rebounds, when stinick against a wall. ) 

By reflection, we mean/ that the light is turned back again, 
through tlie same mediun^ which it had traversed in its first 
course. 

Emily. And is light, in its reflection, governed by the same 
laws, as solid, elastic bodies? 

Mrs. B. . Exactly. - If a ray of light fall perpendicularly on 
an opaque body, it is reflected back in Ihe same line, towards 
the point whence it proceeded. If it fall obliquely, it fe reflect- 
ed obliquely, but in the opposite direction^ the ray which falls 
upon the i*eflecting surface, is called the incident ray, ai|d tliat 
which leaves it, ilie reflected ray; the angle of incidence, is al- 

16. What is explained by fig. 4, plate 15 ? H. What will be the effect of 
several lights, as in fig. 5, plate 15 ? 18. Why will neither of these shadows 
be very dark? 19. What becomes of the light which fiills upon an opaque 
body? 20. What is meant by reflection ? 
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ways equal to the 4ngie of reflection.^j You recollect that law 
in mechanics? ''- 

Emily. Oh yes, perfectly. 

Mrs. B. If you will shut the shutters, we will admit a ray 
of the sun's light, through a very small aperture, ancj I can show 
you how it is reflected. I now hold this mirror, so that the ray 
shall fall perpendicularly upon it. 

Caroline. I see the ray which falls upon the mirror,, but not 
that which is reflected by it. 

Mrs. B, Because it is turned directly back again; and the 
ray of incidence, and that of reflection, are confounded together, 
both being in the same line, though in opposite directions. 

Emily. The ray then, which appears to us single, is really 
double, and is composed of the incident ray, proceeding to the 
mirror, and of the reflect^ ray, returning from tiie mirror. 

Mrs. B. Exactly so. We will now separate them,|by hold- 
ing the mirror M, (fig. 6,) in such a manner, that the incident 
ray, A B, shall fall obliquely upon it^— you see the reflected 
ray, B C, is marching off* in another direction.) If we draw a 
line from the p|oint of incidence B, perpendicularly, to the mir- 
ror, it will divide the angle of inciaence, from the angle of re- 
flection, and you will see that they are equal. 

Emily. Exactly; and now, that you hold the mirror, so that 
the ray falls more obliquely upon it, it is also reflected more 
obliquely, preserving the equality of. the angles of incidence, and 
of reflection* 

Mrs. B. ^Jt is by reflected rays only, that we see opaque ob- 
jects, "^^uminous bodies, send rays of light immediately to oUr 
eyes,1but the rays which they seud to otlier bodies, are invisible 
to us, and are seen, only when they are reflected by those bo- 
dies, to our eyes. 

Emily. But have we not just seen the ray of light, in its pass- 
age from the sun to the mirror, and its reflections? yet, in nei- 
ther case, were those rays in a direction to enter our eyes. 

Mrs. jB.i What you saw, was. the light reflected to your 
eyes, by small particles of dust floating in the air, and on wiiich 
the ray shonepin its passage to, and from, the mirror. 

Caroline. Yet I see the sun, shining on that house yonder, 
as clearly as possible. 

Mrs. jB. Indeed you cannot see a single ray, which passes 

21. What is meant by the incident, and reflected rays? 22. What is the 
result, when the incident ray fells perpendicularly, and what, when it fells 
obliquely ? 23. What two angles are always equal in this case ? 24. To 
what law in mechanics, is this analogous, as represented in fi*. 4, plate 2 ? 

f5. What is represented by %. 6, plate 15 ? 26. By what light are we ena- 
led to see opaque, and by what, luminous bodies ? 27. What enables us to 
see a ray of lig^t in its passage, through a darkened room ? 
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from the sun to the houses ^ou see, bj the aid of those ]rays> 
which enter your eyesi tiierefore, it is the rays which are re- 
flected by the house, to you, and not those which proceed di- 
rectly from the sun, to the house, that render the building via- 
ble to you. ^ 

Caroline. Why then does one side of the house appear to be 
in sunshine, and me other in shade? for, if I cannot see the sun 
shine upon it, the whole of the house should appear in the shade. 

Mrs. B, That side of the house, which the sun shines upon, 
receives, and Vv»ilects more light^and therefore, appears more Tumi- 
nous and vivid, than the side which is in shadow; for the latter 
is illumined only, by rays reflected upon it by other objects; 
these rays are, therefore, twice reflected before tliey reach your 
sight; and as light is more, or less, absorbed by me bodies i: 
•irikes upon, every time a ray is reflected, its intensity is dimin- 
ished. 

Caroline. Still I cannot reconcile to myself, the idea that wq 
do not see the sun's rays shining on objects, but only thpse which 
such objects reflect to us. 

Mrs. B. I do not, however, despair of convincing you of it 
Look at that large sheet of water; can you tell why 3ie sun ap- 
pears to shine on one part of it only? 

Caroline. No, indeed; for the whole of it is equally exposed 
to the sun. This partial brilliancy of water, has often excited 
my wonder; but it has struck me more particularly by moon- 
light. I have frequently* observed a vivia streak oi moonshine 
•on the sea, while the rest of the water remained in deep obscu- 
rity, and j-et there was no apparent obstacle to prevent the moon 
from shining equally on every part of the water. 

Mrs. B. By moonlight the eflect is more remarkable, on 
account of the deep obscurity of the other parts of the water;" 
while by the sun's light, the effect is too strong for the eye to be 
able to observe it so distincth. 

CaroKne. But, if the sun really shines on every part of that 
sheet of water, why does not every part of it, reflect rays to my 
eyes? 

Mrs. B. The reflected rays, are not attracted out of their 
"natural course, by your eyes. The direction of a reflected ray, 
you know, depends on that of the incident ray; the sun's rays, 
therefore, which fall with various degrees of obliquity upon the 
Water, are reflected in directions equally various; some of these 

S8. By what reasoning would yon proTe that an object, such, far «xamplQ, 
as a house, is seen by reflected light? 29. Why may one side of such object 
appear more bright than another side ? 30. How is the fact exemplified \>f 
the-sun, or moon, shining upon water ? 31. Why i» this hett eviBoed by mooii* 
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will mc6t your eyes,- and you will see them, but those which fall 
elsewhere, are iuvisible to you. 

Caroline, The streak of sunshine, then, which we now see 
. upon the water, is composed of those rays which by their reflecc 
tion, happen to fall upon my eyes? 

Mrs, A Precisely. 

Emily, But is that side of the house yonder, which appears 
io be in shadow, really illuminated by the sun, and its rays re- 
flected another way? 

Mrs, B, N05 that is a different case, from the sheet of wa- 
ter. That side of the house, is really in shadow; it is the west 
, side, which the sun cannot shine upon, till the afternoon. 

Emily <, Those objects, then, which are illumined by reflected 
rays, and those which receive direct rays from the sun, but 
which do not reflect those rays towards us, appear equally in 
shadow? 

Mrs, B, Certainly; for we see them both illumined by re- 
flected rays. That part of the sheet of water, over which the 
ti-ees cast a shadow, by what light do you see it? 

Emily, Since it is not by the sun's direct rays, it*must be by 
those reflected on it from other objects, and wmch it again re- 
flects to us.- 

Paroline, But if we see all terrestrial objects by reflected 
light, (as we do the moon,) why do. they appear so bn^t and 
luminous? I shX)uld have supposed that reflected rays, would 
have been dull and faint, like those of the moon. 

Mrs, B, The moon reflects the sun's light, with as much 
vividness as acy terrestrial object. If you look at it on a clear 
night, it will appear as bright as a sheet of water, the walls of a 
house, or any object seen by daylight, and on which tlie sun 
shines. The rays of the moon are doubtless feeble, when com- 
pared with those of the sun; but tliat would not be a fair com- 
parison, for^he former are incident, the latter, reflected rays. 

Caroline, True; and when we see terrestrial objects by 
moonlight, the light has been twice reflected, and is consequent- 
ly, proportionally fainter. 

Mrs, B, In traversing the atmosphere, the rays, both of the 
sun, a^d moon, lose some of their light. For thoi^ the pure 
air, is a transparent medium, which trausini^^s the rays of light 
freely, we have observed, that near the surtace of the earth, it is 
loaded with vapours and exhalations, by which some portion of 
them are absorbed. 

Caroline. I have often noticed, that an object on the summit 

32. By what light do we see the moon, and why is it comparatively fee- 
ble ? 33. Whak ckcumatanffifs readers objects seea by moonlight, ttiU less 
vivid? 
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of a hill, s^pears more distinct, than one at an equal distance in 
a valley, or a plain; which is owing, I suppose, to the air being 
more free from vapours in an elevatSi situation, and the reflected 
rays, being consequently brighter. 

Mrs, S. That may have some sensible effect; but, when 
an object on the summit of a hill, has a back ground of light sky, 
the contrast witli the object, makes its outline more distinct. 

Caroline, I now feel well satisfied, that we see opaque ob 
jects, only by reflected rays; but I do not understand, now these 
rays, show us the objects from which tiiey proceed. 

Mrs, B, I shall hereafter describe the structure of the eye, 
very particularly, but will n«w observe, that the §mall round 
spot, which is generally called the sight of the eye, is properly 
denominated the jmpU; and that Ihe retina^ is^n expansion of the . 
optic nerve on the back part of the ball of the eye^pon which, 
as upon a screen, the rays fall, which enter at the pupil. -The 
rays of light, enter at the pupil of the eye, and proceed to the 
retina; and there they describe the fi^re, colour, and (excepting 
size) form a perfect representation ot the object, from which they 
proceed. We shall again close the shutters, and admit the light, 
through the small hole made for that purpose, and you will see a 
picture, on the wall, opposite the aperture, similar to that which 
IS delineated on the retina of the eye. The picture is somewhat 
confused, but by using a lens, to bring the rays to a focus, it 
will be renderea very distinct. 

Caroline, Oh, how wonderful ! There is an exact picture in 
miniature of the garden, the gardener at work, the trefes blown 
about by the wind. The landscape, would be perfect, if it were 
not reversed; the ground, being above, and the sky beneath. 

Mrs, B, It is not enough to admire, you must understand, 
this pheijomenon, which is called a camera ohscura^\ov dark 
chamber; from the necessity of darkening the room, in order to 
exhibit it. The camera obscura, sometimes consists of a small 
box, properly fitted up, to represent external objects. 

This picture, you now see, is produced by the rays of light, 
reflected from the various objects in the garden, and which are 
admitted through the hole in the window shutter. 

The rays from the glittering weathercock, at the top of the 
alcove^ A, (plate 16.^ represent it in this spot, a/ for the weather- 
cock, being much higher than the aperture in the shutter, only 
a few of the rays, which are reflected by it, iijan obliquely de- 
scending direction, can find entrance there. /The rays of light, 

34. What is meant by Ae pupU of the eye? 35. What by the retina? 
36. How do the rays of light operate on tbie eye in producing vision ? 37. 
How may this be exemplified, in a darkened room ? 38. What ia meant by 
a camera obtcwra? 39. How is it explained io plate 16 ? 



y Google 



Plaxbjcvi. 





dbyLjOogle 




• 4 



r Digitized by Google 



ON OPTICS. 165 

y€>u know, always move in straidit lines; those, therefore, which 
enter the room, in a descending direction, will continue their 
course in the same direction,^and will consequently fall upon 
the lower part of the wall opfiosite the aperture, and represent 
the weathercock, reversed in that spot, instead of erect, in the 
uppermost part of the landscape* 

jEmily. And the rays of light, from the steps, (B) of the 
alcove, in entering the aperture, ascend, and» will describe those 
steps in the highest, instead of the lowest, part of the landscape. 

Mrs, B, Observe, too, that the rays coming from the alcove, 
which is to our left, describe it on the wall, to the right; while 
those, which are reflected by the walnut tree, C D, to our right, 
delineate its figure in the picture, to the left, c d. Thus the 
rays, coming in different directions, and proceeding always in 
right lines, cross each other at their entrance through the aper- 
ture; those which come from above, proceed below, those from the 
right, go to the left, those from the left, towards the right; thus 
every object is represented in the picture, as occupying a situa- 
tion, the very reverse of that which it does in nature. 

CaroHne, Excepting the flower-pot, E F, which, though its 
position is reversed, has not changed its situation in the land- 
ficape. 

Mr 8. B. The flower-pot, is directly in front of the aperture; 
so that its rays, fall perpendicularly upon it, and consequently 
proceed perpendicularly to the wall, where they delineate tiie. 
object, directly behind the aperture. 

EmUy. And is it thus, that/the picture of objects, is painted 
on the i^^tina of the eye? ^ / 

Mrs. B. Precisely. The pupil of the eye, through which 
the rays of light enter, represents the aperture in the window- 
shutter; and the image, delineated on the retina, is exactly 
similar to the picture on the wall. ) 

Caroline. You do not mean to say, that we see only the re- 
presentation of the object, whidi is painted on the retina, and 
not the object itself? 

Mrs. B. If, by sight, you under3tand' that sense, by which 
the presence of objects is perceived by the mind, through the 
means of the eyes, we certainly see only the image of those ob- 
jects, painted on the retina. 

Caroline. This appears to me quite incredible. 

Mrs. B. The nerves, are the only part of our frame, capable 
of sensation: they appear, therefore, to be the instruments, 
which the mind employs in its perceptions; for a sensation, al- 

40. Why are the objects inverted and reversed? 41. What analogy is 
there between the camera obscura, and the eye ? 42. Is it the object, or its 
picture on the retina, which presents to the mind an idea of the object «een i 
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ways conveys an idea, to flie mind. Now it is known, that our 
nerves can be affected! only by contact; and for this reason, the 
organs of sense, canndt^ act at a distance: [for instance, we are 
capable of smelling only particles which are actually in contact 
with the nerves of the nose. ^ We have already observed, that 
the odour of a flower consists in effluvia, composed of very mi- 
nute particles, which penetrate the nostrils, and strike upon the 
olfactory nerves, MThich instantly convey the idea of odour to the 
mind. 

Emily. And sound, though it is sidd to be heard at a dis- 
tance, is, in fact, heard only when the vibrations of the air, 
which convey it to our ears, strike upon the auditory nerve. 

Caroline. There is no explanation required, to prove that the 
senses of feeling and of tasting, are excited onl v by contact 

Mrs. B. And I hope to convince you, that tne sense of sight, 
is so likewise. The nerves, which constitute the sense of si^t, 
are not different in their nature from those of the other organs; 
they are merely instruments which convey ideas to the mind, 
and can be atfccted only on contact. Now, since real objects 
cannot be brought to touch the optic nerve, the \mme of them is 
conveyed thither by the rays of light, proceeding from real ob- 
jects, which actually strike upon me optic nerve, and form tiiat 
image which the mind perceives. 

Varoline. While I listen to your reasoning, I feel convinced; 
but when I look upon the objects around, and think that I do 
not see them, but merely their image painted in my eyes, my 
belief is again staffgered. I cannot reconcile to myself, the idea, 
that I do not really see this book which I hold in my hand, nor 
the words which I read in it. 

Mrs. B. Did it ever occur to you as extraordinary, that you 
never beheld your own face? 

Caroline. No; because I so frequently see an exact reprcr 
sentation of it in the looking-glass. 

Mrs. B. You see a far more exact representation of objects 
on the retina of your eye: it is a much more perfect mirror, than 
any made by art. 

Emily. But is it possible, ^at the extensive landscape, which 
I now behold from the window, should be represented on so 
small a space, as the retina of the eye? 

Mrs. B. It would be impossible for art to paint so small 
and distinct a miniature; but nature works with a surer hand, 
and a more delicate pencil. That power alone, which forms the 
feathers of the butterny, and the orgims of the minutest insect, can 

43. By what organs is sensation produced, and how most these organs 
be affected? 44. How wiU the idea of contact, ap^ly to objects not touching 
the *ye ? 
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pourtraj so achnirable and perfect a miniature, as that' which is 
represented on the retina of the eye. 

Caroline, But, Mrs. B., if we see only the image of objects, 
why do we not see them reversed, as you showed us they were, 
in the camera obscura? Is not that a strong argument against 
your theory? 

Mrs. B, Not an unanswerable one, I hope. The image 
on the retina, it is true, is reversed, like that in the camera ob- 
scura; as^the rays, from the different parts of the landscape, in- 
tersect each other on entering the pupil, in the same manner as 
they do, on entering the camera obscura. ; Tlie scene, however, 
does not excite the ulea of being inverted, because we always see 
an object in the direction of the rays which it sends to us. 

Emily. I confess I do not understand -that. 

Mrs. B. It is,. I think, a difficult point to explain clearly. 
A ray which comes from the upper part of an object, describes 
the image on the lower part of tne retina; but, experience having 
tau^t us, that the direction of that ray is from above, we con- 
sider that) part of the object it represents as uppermost The 
rays proceeding from the lower part of an object, fall upon the 
upper part of uie retina; but as we know their direction to be 
from below, we, see that part of the object they describe as the 
lowest. 

Caroline^ When I want to see an object above me, I look 
up; when an object below nie, I look down. Does not this 
prove that I see the objects themselves? for if I beheld only the 
image,- there would be no necessity for looking up or down, ac- 
cording as the object was higher or lower, than myself. 

Mrs. B. 1 be^- your pardon. When you look up, to an ele- 
vated object, it is in order that the rays reflected from it, should 
fall upon the retina of your eyes; but the very circumstance of 
directing your eyes upwards, convinces you that the object is 
elevated, and teaches you to consider as uppermost, the image it 
forms on the retina, though it is, in fact, represented iu the 
lowest part of it. When you look down upon an object, you 
draw your conclusion from a similar reasonmg; it is thus that 
we see all objects in the direction of the rays which reach our 
eyes. 

But I have a further proof in favour of what I have advanced, 
which, I hope, will remove your i*emaining doubts: I shall, how- 
ever, defer it till our next meeting, as the lesson has been suffix 
ciently long to-day. 

45. Why do not oljecta appear reversed to the eye, as ia the camera ob- 
scura? L 
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OPTICSr— con^tnuerf. 

ON THE ANGLE OF VISION, AND T^E REFLECTION OF 
MIRRORS. 

AITGLE OF VlSIOir. — REFLECTION OP PLAIN MIRRORS. — REFLECTION 0» 
CONVEX MIRRORS.-^REFi.£CTION OF CONCAVE MIRRORS. 

CAROLINE. 

Well, Mrs. B., I am very impatient to hear what further 
proofs you have to offer, in support of your theory. You must 
allow, that it was rather provoting to dismiss us as you did at 
our last meeting. 

Mrs. B, You press so hard upon me with your objections, 
that you must give me time to recruit my forces. 

Can you tell me, Caroline, why objects at a distance, appear 
smaller than they really are? 

Caroline, I know no other reason than their distance. 

Mrs. B. It is a fact, that distance causes objects to appear 
smaller, but to state the fact, is not to give the reason. We must 
refer again to the camera obscura, to account for this circum- 
stance; and you will find, that the different apparent dimen- 
sions of objects at different distances, proceed from our seeing, 
not the objects themselves, but merely their image on the re- 
tina. Fig. 1, plate 17, represents a row of trees, as viewed in 
tlie camera obscura. I have expressed the direction of the rays, 
from tlie objects to the image, by lines. Now, observe, the ray 
which comes from the top of the nearest tree, and that whicli 
comes from the foot of the same tree, meet at the aperture, form- 
ing an angle of about twenty-five de^eesj the angle under 
which we see any object, is called, the visual angle, or, angle of 
vision. These rays cross each other at the aperture, forming 
equal angles on each side of it, and represent the tree inverted 
in the camera obscura. The degrees*of the image, are consider- 
ably smaller than those of the object, but the proportions arc 
perfectly preserved. 

i. What ii me^flt by the uig;le of viuon, or thQ,Tillul aogle f 
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Now, let ti9 notice the upper* and lower raj, from the most 
distant tree; thej form an angle of not more than twelve or fif- 
teen degrees, and an image of proportional dimensions. Thus, 
two objects of the same size, as the two trees of ^e avenue, 
fbrm figures of different sizes in iiie camera obscura, according 
"to liieir distance; or, in other words, according to the an^e of 
"vision under which they are seen. Do you understand this? 

Caroline, Perfectly. 

Mrs. B, Then you have only to suppose, tlmt the represen- 
tation in the camera obscura, is similar to that on the retina. 

Now, since objects of the same magnitudes, appear to be of 
ditferent dimensions, when at different distances from us, l^t 
me ask you which it is, that you see; ihe real objects, which, we 
know, do not vary in size, or the images, which, we know, do 
vary, according to the angle of vision under which we see them? 

Caroline, f must confess, that rei^on is in favour of the lat- 
ter. But does that chair, at the further end of the room, form an 
image on my retina, much smaller than this which is close to 
me r they aj^ear exactly of the same size. 

Mrs. B. Our senses are imperfect, but the experience we 
acquire by Hie sense of touch, corrects Hie illusions of our si^t, 
wiui regard to objects within our reach. ^ You are so perfectly 
convinced, of the real size of objects, which you can handle, 
that you do not attend to the apparent difference. 

Does that house appear to you much smaller, than when you 
are close to it? 

Caroline. / No, because it is very ne^ur us. 

Mrs. B. vAnd yet you can see tiie whole of it, through One 
of the windows of this room. The im^ of the house on your 
retina must, therefore, be smaller than that of the window 
through which you see it. \ It is your knowledge of the real mag- 
nitude of the house which prevents your attending to its appa- 
rent size. If you were accustomed to draw from nature, you 
would be fully aware of this difference. ^ 

Emily. And pray, wrhat is the reason that, when we look up 
an avenue, the trees not only appear smaller as they are mo^e 
distant, but seem gradually to approach each other, till they 
meet in a point? 

Mrs. B. Not only the trees, but the road which separates 
the two rows, forms a smaller visual angle, in proportion as it 
is more distant from us) tlierefore,(^the width of the road gradu- 
ally diminishes, as welt as the size of the trees, till at length the 

2. Why do objects of the same size appear smaller when distant, than when 
near? 3. Why do not two wbjecta, known to be equal in size, appear to 
differ, when at different diatancea from the jeye ? 4. How is this exemplified, 
\f3 a ho^se seen through a window? 
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road apparentl J terminates in aP point, at which the trees seem 
tt> meet, y 

Emily. I am yerj glad to und^:«tand this, for I have lately 
begun to learn perspective, which appeared to me a very dry 
study; but now that I am acquainted with some of the principles 
on which it is founded, I shall find it much more interesting. 

CaroHne. In drawing a view from nature, it seems that we 
do not copy the real objects, but rae image they form on the 
retina of our eyes? ) ^ 

Mrs. B. Certainly. (In sculpture, we copy nature as she 
really exists; in painting,Sve represent her, as she appears to us. 

We must now conclude the observations tiiat remain to be' 
made, on the angle of vision. 

If the rays, proceeding from the extremities of an object, vnth 
an ordinary degree of iliuminationt^ do not enter the eye under 
an angle of more thari two seconds^ which is the 1-1 800th part 
of a degree, it is invisible. Thereare, consequently, two cases 
in which objects may be invisible^Of they are either so small, 
or so distant, as to form an angle or less than two seconds of a 
degree. 

In likfe manner, if the velocity of a body does jiot exceed 20 
degrees in an hour, its motion is imperceptible.^ 

Caroline. \ A very rapid motion may then be imperceptible, 
provided the distance of the moving body, is sufficiently great 

Mrs. B. Undoubtedly;^ for the greater its distance, the 
smaller will be the angle, under which its motion will appear 
to the eye. It is for this reason, that the motion of the celestial 
bodies is invisible, although inconceivably rapid. 

Emily. I am surprised, that so great a velocity as 20 degrees 
an hour, should be invisible. . 

Mrs. B. The real velocity depend^ upon the space compre- 
hended in each degree, and upon the tinte, in which the moving 
body, passes over that space.. ^ But we can only know (the ex- 
tent of this space, ''by knowing the distance of the moving body, 
from its centre of motion; fgil, supposing two men to set on* at the 
same moment from A and B, (ng. 2.J to walk each to the end 
of their respective lines, C and D; if tney perform their walk in 

5. Why do rows of trees, forming an avenue, appear to approach as they 
recede from the eye, until they eventually seem to meet? 6. In dra-wing a 
view from nature, what do we copy ? 7. What is the difference in sculpture, 
in this respect ? 8. . Excepting the rays from an object enter the eye, under 
a certain angle, they cannot be seen ; what must this angle exceed ? 9. What 
two circumstances may cause the angle to be so small, as not to produce vi- 
sion? 10. Motion may be so slow as to become imperceptible, what is said 
on this point? 11. Under what circumstances may a body, moving^ with 
great rapidity, appear to be at rest? 12. Upon what does ttie real yelocity 
of a body, depend? 
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the same space of time, thej must have proceeded at a very dif- - 
ferent rate; And yet to an eye situated at E, they will appear to 
have.movra with equal velocity, because they will botli have 
gone through an equal number of degrees, though over a very 
unequal length of ground. The nutiiber of degrees over which 
a body mo^es in a given time, is called its angular velocity; two 
bodies, you see, may have the same angular, or apparent velo- 
city, whilst their real velocities may differ almost infinitely, 
(sight is an extremely useful sense^)no doubt, but it cannot al- 
ways be relied on, it deceives us both in regard to the size and 
the distance of objects; indeed, our senses would be v^ry liable 
to lead us into erroii if experience did not set us right, ) 

Emily. BetweenHhe two, I think that we contrive to acquire 
a tolerably accurate idea of objects. 

Mrs. JJ. At least suffidenfly so, for the general purposes of 
life. To convince you how requisite experience is, to correct 
the errors of sight, I shall relate to you, the case of a young 
man, who was blind from his infancy, and who recovered his 
sight at the age of fourt^n, by the operation of couching. At 
first, he had no idea, either of the size, or distance of cmjects, 
but imagined that every thing he saw touched his eyes; and it 
was not, till after having repeatedly felt them, and walked 
from one object to another, that he acquired an idea of their 
•respective dimensions, their relative situations, and their dis- 
tances. 

Caroline. The idea that objects touched his eyes, is, how- 
ever, not so absurd, as it at first appears; for if we consider that 
.we see only the image of objects, this image actually touches 
our eyes. 

Mrs. B. That is, doubtless, the reason of the opinion he 
formed, before the sense of touch had corrected his judgment. 

Caroline. But since an image must be formed on the retina 
of each of our eyes, why do we not see objects double? 

Mrs. B. tThe action of the rays, on the optic nerve of each 
eye, is so perfectly similar^ that they produce but a single sen- 
. sation; the mind, therefore, receives the same idea, from the 
retina of both eyes, and conceives the object to be single. 

Caroline. This is difficult to comprehend, and I should think, 
can be but conjectural. 

Mrs. B. I can easily convince you, that you have a distinct 
image of an object formed on the retina of each eye. Look 

13. What must be known, to enable us to ascertain the real space contain* 
ed in a deg^ree ? 14. What is explained by fig, 2, plate 17 ? 15. What is 
said* respecting the evidence afforded by our senses, and how do we correct the 
errors into which they would lead us ? 16. An image of a visible object is 
formed upon the retina of each eye, why, therefore, are not objects seen 
dtfuble ? 
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through tiie window, with both eyes open, at some ol^eci exactly 
opposite to one of the upright bars of the sa^ 

CaroHne. I now see a tree, the body of wl^ch, appears to be 
in a line exactly oppo^te to one of the bars. 

2^8. B. If you now shut your right eye, and look with the 
left, it will appear to the left of the li^r; then by closing the leH 
eye, and looting ^dth the other, it will appear to the ri^t of 
the bar. 

Caroline. That is true, indeed 1 

Mrs. B, There are, evidently, two representatkins of the 
tree in different sit«ations, which must be owing to an image of 
it being formed on each eye; if tiie actk)n of the rays, there- 
f(wre, on each retina, were not so perfectly similar as to produce 
but one sensation, we should see double; and we find that to be 
the case witfaisome persons, who are afflicted with a disease in 
one eyeXwhicn prevents the rays oi li^t from affecting it in the 
same msmner as the other. 

Emihi* Pray, Mrs. B., when we see the image of an object 
in a looking-glass, why is it not inverted, as in the camera ob- 
scura, and on the retina -ef tiie eye? 

Mrs. B.y Because the rays do not enter the mirror by a 
small aperture, and cross each oth^, jUs they do at the onnce 
of a camera obscura, or ike pupil of the eye. 

When you view yourself in a mirror, tKe rays from your eyes 
fall perpendicularly upon it, and are reflected in the same line; 
the image is^ therefore, described beliind the glass, and is situ- 
ated in the lame manner as the object before it 

EmUy. Yes, I see that it is; but the looking-glass is not 
nearly so tall as I am, how is it, therefore, that I can see the 
whole of my figure in it? 

Mrs. B. It is not necessary tJiat the mirror should be more 
than half your height, in order tiiat you may see the whole of 
your person in it, (fig. 3.) /The ray of light A B, from your eye, I 
which falls perpendicularly on the mirror B D, will be reflected 
back, in the same line; but the ray from your feet, will fall ob- 
liquely on the. mirror, for it must ascend insorder to reach it} it 
wul, therefore, be reflected in the line A Dyand since we view 
objects in the direction of the reflected rays, which reach tlie 
ej^e, and since the image amiears at the same distance, beliind the 
mirror, that the object is before it, we must continue tl\e line 
A D to E, and the line C D to F, at the termination of which, 
the image will be represented. 

17. By what experiment can yoa prove that a separate imag^e of an object 
is formed in each eye ? 18. Under "what drcomstances are objects seen dou- 
ble ? 19. Why is not the image of an ol^geot inverted in the common lairror f 
20. Your whole fi^re may^ be seen in a looking-gliuB, which is not more 
than half your height ; how is this shown in %. 3. plate 17? 
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JSmily. Then I do not understand why I should not see the 
whole of my person in a much smaller mirror, for a ray of light 
from iny feet would always reach it, though more obliauely. 

Mrs. B. Truej but the more obliquely the ray falls on the 
mirror, the more obliquely it will be reflected; the ray would, 
therefore, be reflected above your head, and you could not see 
it. This is shown by the dotted line (fig. 3.) 

Now stand a little to the ri§ht of the mirror, so that the rays 
of light fromyour figure may tall obliquely on it 

Mnily. lliere is no imase formed of me in the glass now.^ 

. Mrs. B. I beg your pardon, there is; but you cannot see it, 

^ because the incident rays, falling obliquely on the mirror, j will 

M)e reflected obliquely, in the opposite direction; the angles of 

incidence, and reflection, being equal. Caroline, place your- 

self\in the direction of the reflected rays, and tell me whethei* 

you atrnot see Emily's imase in the gla&s? 

Caroline. Let me consider.— In order to look in the direc- 
tion of the reflected rays, I must place myself as much to the 
left of the glass, as Emily stands to the right of it .^— Now I see 
her image, not straight before me, however, but before her; and 
it appears at the same distance behind the glass, that she is in 
front of it * 

Mrs. B. You must recollect, that we always see objects^in 
the direction of the last rays, which reach our eyes. 'iFigure 4 
represents an eye, looking at the image of a vase, reflected by 
a mirror; it must see it in the direction of thp ray. A B, as that 
is the ray which brings the image to the eye;; prolong the ray to 
C, and in that spot will the image appear, j '\ 

Caroline. I Jo not understand wliy a looking-glass reflects 
the rays of light; for glass is a transparent body, which should 
transmit them! 

Mrs. B. It is not the glass that reflects the rays which form 
the image you behold, but^the silvering behind it; this silvering 
is a compound of mercury ^nd tin, which forms a biilliant me- 
tallic coating. The glass acts chiefly as a transparent case, 
through whicn the rays find an easy passage, to, and from, the 
quicksilver. 

Caroline. Why then should not mirrors be made simply of 
mercury? 

Mrs. B. Because mercury is a fluid. By amalgamating it 
with tinfoil, it becomes of me coiwistence of paste, attaches 
itself to the glass, and fori^, in fact, a metallic mirror, whicli 

21. Why is the ima^e invisible to the peteon, when not standing directly 
before the glass ^ 22. In what situation^may a second person see'the ima«;e 
reflected? 23. In what direction will an object always appear to the eye ? 
24. How is this explained by fvj;, 4, plate 17 ? 25. What is it that reflects 
the rays in a lookinjf-glass ? 
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would be much more perfect without its glass cover, for the 
pm'est glass is nerer j^rfectly transparent; some of the rays, 
therefore, are lost during their passage through it, by bemg 
either absorbed, or irregularlj reflected. 

This imperfection of ^lass mirrors, has introduced the use of 
metallic mirrors, for optical purposes. 

Emily. But since all opaque bodies reflect tiie rays of light, 
I do not understand why they are not all mirrors. 

Caroline. A curious idea indeed, sister; it would be very 
gratifying to see oneself in every object at wluch one looked. 

Mrs. B. It is very true that all opaque objects reflect light; 
but , the surface of bodies, in general, is so roi^ and uneven,/ 
that'the reflection jfrom them is extremely irregular, and ^vents 
the rays from formins an imaee on the retina. This, you will 
be able to understand better, when^I shall explain to you tiie na- 
ture of vision, and the structure of the eye. 

You may easily conceive the variety of directions in which 
rays would be reflected by a nutmeg-grater, on account of the 
inecjuality of its surface, and the number of holes wilh which it 
is pierced. All solid bodies more or less r^sen^le the nutmeg- 
grater, in these respects; and it is cmly those which are suscepti- 
ble of receiving a polish, that can be made to reflect tiie rays 
with regularity. : As hard bodies are of the closest texture, the 
least porous, and capable of taking the highest polishj they make 
the best mirrors; none, therefore, are so well calculated fc»* this 
purpose, as metals. 

Caroline. But the property of regular, reflection, is not con- 
fined to this class of bodies; for I have c^ten seen mysell^ in a 
highly polished mahogany table. 

Jms. B. Certainly; but as that substance is less duraUe, 
and its reflection less perfect, than that of metals, I believe it 
-would seldom be chosen, for the purpose of a mirror. 

There are three kinds of mirrors used in optics^the p/oin, or 
flat^ which are the common mirrors we have just' mentioned; 
convex mirrors, and cmicave mirrors. The reflection of the two 
latter, is very different from that of tiie former. The plain mir- 
ror, we have seen, does not alter the dii*ection of tiie reflected 
rays, and forms an image behind the class, exactly similar to 
the object before it. A convex mirror has ^e^ peculiar pr(^r- 
ty of making the reflected rays diverge, by which means it 
diminishes the imag'e; and a concave mirror makes the rays 
converge, and under certain circumstances, magnifies the image. 

Emuy. We have a convex mirror in the drawing-room, 

26. All opaque bodiea reflect some light, why do they not cJl act as mir- 
rors ? 27. What substances form the most perfect mirrors, and for wliat rea- 
son? 28. What are the three kinds of mirrors usuaUy employed ibr optical 
purposes ? 2/5. Hotv are the rays of light aflfected by themi 
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which forms a beautiful miniature picture of the objects in the 
room; and I have often amused myself with looking at mj 
magnified face in a concave mirror. But I hope you will ex- 
plam to us, ^y the one enlarges, whik the oflier diminishes 
the objects it reflects- 

Mrs. B. Let us begin by examining the reflection of a con- 
vex mirror.^ This is formed of a portion of the exterior surface 
of a sphere. \ When several parallel rays isW upon it, that rav 
only which, if prolonged, would pass through the centre or axis 
of the mirror, is perpendicular to it. In order to avoid confu- 
sion, I have, in fig. 1, plate 18, drawn only three parallel lines, 
A B, C D, E^ F, to represent rays falling on the cimvex mirror, 
M N| the middle rav, you will observe^ is p^pendicular to the 
mirror, the others fall on it, obliquely. ; 

Candme. As the three rays are parallel, why are they not all 
peipendicular to' the mirror? 

Mr9> B. They would be so to a flat mirror; but as this is 
spherical, no ray can fall perpendicularly upon it which is not 
oirected tpwards the centre of the ^here. 

JEmily. Just as a weight falls perpendicularly to the earth, 
when gravity attracts it towards ^ centre. 

Mrs. B. In order, therefore, that rays may fall perpendicu- 
larly to the mirror at B and F, the rays must fie in tne direction 
of the dotted Jines, which, you may diwerve, meet at the centre 
O of the sphere, of which the mirror icnms a portion. 

Now, can you tell me in what direction tiie three rays, A B, C 
D, E F, will be reflected? 

Emity. Yes, I think so: the middle ray, falling perpendicu- 
larly on the mirror, will be reflected in the same line: the two 
outer rays falling obliquely, will be reflected obliquely to G and 
H; for the dotted lines you have drawn are perpendiculars, wliick 
divide the angles of incidence and reflection, of those two 
rays.^ 

Mrs. B. Extremely well, Emily: and since we see objects 
in the direction of the reflected ray, we shall see the image L, 
whiph is the point at which the reflected rays, if continued 
through the mirror, would unite and form an image. This point 
is equally distant, from the surface and centre of the sphere, and 
is called the imaginary focus if the mirror. 

Caroline. Pray, what is the meaning of focus? 

Mrs. B. ^A point at which convei^ng rays, unite. / And it is 

30. What is the form of a convex mirror, and how do parallel rays fall upon 
it, as represented in fig. 1, plate 18 ? 31. What is represented by the dotted 
line in the same figure ? 3^. Explain by the figure, how the pareUel rays wiU 
be reflected. 33. At what-distance behind such a mirror,- would an image, 
produced by paraBel r^iys, be formed? 34. What is that point denomi-' 
iiated? 
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in this case, called an imaginary focusjQiecause the rays do not 
really unite at that point, but only appear to do so:) for the rays 
do not pass through the mirror, since they a^e reflected by it. 

Emuy. I do not yet understand why an object appears 
smaller, when viewed in a convex mirror. 

Mrs. B. It is owing to the divergence of the reflected rays. ) 
You have sdcn that a convex mirror, by reflection, converts 
parallel rays into divergent rays; rays that fall upon the mirror 
divergent, are rendered still more so by reflection, and conver- 
gent rays are reflected either parallel, or less convergent. If 
then, an object be placed before any part of a convex mirror, as 
the vase A B, fig. 2, for instance/the two rays from its extremi- 
ties, falling convergent on the mwor, will be reflected less con- 
vergent, and will not come to a focus, till thev arrive at Cythen 
an eye placed in the direction of the reflected rays, will sCe the 
image formed in (or rather behind) the mirror, at a b. 

Oaroline. But the reflected rays, do not appear to me to con- 
verge less than the incident rays. I should have supposed tiiat, 
on the contrary, they converged more, since they meet in a 
point 

Mrs, B, Thej^ would unite sooner than they actually do, if 
they were not less convergent than the incident rays: for ob- 
serve, that if the incident rays, instead of being reflected by the 
mirror, continued their course in their original direction, they 
would come to a focus at D, which is considerably nearer to the 
mirror than at C5 the image, is, therefore, seen under a smaller 
angle than the object; and the more distant the latter is from 
the mirror, the smaller is the image reflected bv it. 

You will now easily understand the nature of the reflection of 
concave mirrors. These are formed of a portion of the internal 
surface of a hollow sphere, and their peculiar property is to con- 
verge the rays of light. 

Can you discover, Caroline, in what direction the three 
parallel rays, A B, C D, E F, are reflected, which fall on the 
concave mirror, M N, (fig. 3.) ? 

Caroline, I believe I can. The middle ray is sent back in 
the same line, in which it arrives, tiiat being the direction of the • 
axis of the mirror^ and the two others will be reflected obliquely, 
as they fall obliquely on the mirror. I must now dcaw two 
dotted lines perpendicular to their points of incidence, which 
will divide their angles of incidence and reflection; and in 

35. What is meant by a focus ? 36. Why is the point behind the mirror, 
called the imaginary focut ? 37. Why does an object appear to be lessened 
by a convex mirror, (fig. 2.) ? 38. What is a concave mirror, and what its 
peculiar property ? 39. How are parallel rays reflected by a concave mirror, 
as explained by fig. 3, plate 18.' 
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order tiiat those angles may be equal, the two oblique rays must 
be reflected to L, where they will unite with the middle ray. 

Airs, B, Yerj well explained. Thus you see, that when 
any number of parallel rays fall on a concave mirror, they are 
all reflected to a focus: for in proportion as the rays are more 
distant from the axis of the mirror, they fall more obliquely upon 
it, and are more obliquely reflected; in consequence of which 
they come to a focus in the direction of the axis of the mirrorlat 
a point equally distant from the centre, and the surface, of me 
sfmere; t and this point is not an imaginary focus, as happens 
with the convex nurror, but is the true focus at which the rays 
unite. 

Emily* Can a mirror form more than one focus, by reflecting 
rays? 

Mrs.fi. Yes. If rays fall convergent on a concave mirror, 
fig. 4, J they are sooner brought to a focus'f L, than parallel rays; 
Jieir fobus is, therefore, nearer to the mirror M N. Divergent 
rays are brought^ to a more distant focus than parallel rays, as in 
figure 5, where flie focus is at L5 but what is called me true 
focus of min^ors, either convex or concave, is that of parallel 
rays, and is equally distant from the centre, and the surface 
1^ the spherical mirror. 

I shall now show you the real reflection of rays of Ikht, by a 
metallic concave mirrar. This is one made of policed tin, 
which 1/ expose to the sun,land as it shines bright, we shall be 
able to collect the rays into a very brilliant focus. I hold a 
piece of paper where I imagine the focus to be situated; you 
may see by the vivid spot 01 light on the paper, how much the 
rays converge: but it is not yet exactly in tne focus; as I ap- 
proach the paper to that point, observe how the brightness of the 
spot of light increases, while its size diminishes. 

Caroline. Tliat must be occasioned by the rays approaching 
closer together. I think you hold the paper just in the focus 
now, the light is so small and dazzling— Oh, Mrs. B., the paper 
has taken nnefl 

Mrs. B. ^he rays of light cannot be concentrated, without, 
at the same time, accumulating a proportional quantity of heat: • 
hence concave mirrors have obtained the name of burning mir- 
rors. 

Emily. I. have often heard of the surprising effects of burn- 
ing mirrors, and I am quite delighted to understand their na- 
ture* 

Caroline. It cannot be the true focus of the mirror, at which 

40. Where is the focus of parallel rays, in a qoncave mirror? 41. If rays 
fall on it convei^ent, how are they reflected ? 42. How if divergent ? 43. 
How, and why, may concave, become burning mirrors ? 
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the raja of the sun unite, for as they proceed firom so large a 
body, thev cannot fall upon the mirror parallel to each other. 

Mrs, n. Strictly speaking, they certainly do not. But when 
rays, come from such an immense distance as the sun^'they'tnaj 
be considered as parallel: their point of union is, therefore, the 
true focus of the mirror, and there the image of the object is re- 
presented. 

Now that I have removed the mirror out of the influence of 
the sun's rays, if I place a burning taper in the focus, how will 
its light be reflected? (Fig. 6.) 

Caroline, That, I confess, I cannot say. 

Mrs. B, The ray which falls in the direction of the axis of 
the mirror, is reflected back in the same line; ^but let us draw 
two other rays, from the focus," falling on the mirror at B and F; 
the jotted lines are perpendicular to those points, and the two 
rays will, therefore, be reflected to A and E. 

Caroline. Oh, now I understand it clearly. The rays which 
proceed from a light placed in the focus of a concave mirror fall 
divergent upon it, and are reflected, parallel. It is exactly the 
reverse of tne former experiment, in which the sun's rays fell 
parallel on the mirror, ana were reflected to a focus. 

Mrs, B, Yes: when the incident rays are parallel, the re- 
flected rays converge to a focus ; when, on the contrary, the in- 
cident rays proceed from the focus, they are reflected parallel. 
This is an important law of optics, and since you are now ac- 
quainted with the principles on which it is founded, I hope that 
you will not forget it. 

Caroline, I am sure that We shall not But, Mrs. B., yoa 
said that the image was formed in the focus of a concave mirror; 
yet I have frequently seen glass concave mirrors, where the ob- 
ject has been representied within the mirror, in the same manner 
as in a convex mirror. 

Mrs, B, That is the case only, when the object is placed 
between the mirror and its focus | the image then appears magni- 
fied behind the mirror, or, as you would say, within it 

Caroline, I do not understand why tne image should be 
larger than the object. 

Mrs, B, This results from the convergent property of the 
concave mirror. If an object, A B, (fig. 7^ be placed between 
the mirror and its focus i the rays from its extremities fall diver- 
gent on the mirror, and on being reflected, become less divei^ent^" 
as if they proceeded from C : to an eye placed in that situation, 

44. Why may rays of light coming from the sun, be viewed as parallel to 
each other? 45. If a luminous body, as a burning taper, be placed in the 
focus of a concave mirror, how will the rays from it, be reflected ^ (fig. 6.) 
4^. What fact is explained by fig. 7, plate 18? 
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the image will appear magnified behind the mirror at a by since it 
is seen under a larger angle than the object. 

You now, I hope, understand the reflection of light by opaque 
bodies. At our next meeting, we shall enter upon another pro- 
perty of light, no less interesting, and which is called refaction. 



CONVERSATION XVI. 



ON REFRACTION AND COLOURS. 

TRANSMISSION OW LIGHT BT TRANSPARENT BODIES. — REFRACTION.— RX* 
V&ACTION BT THE ATMOSPHERE. — ^REFRACTION BT A LENS. — REFRAC- 
TION BT THE PRISM. — OF COLOUR FROM THE RATS OF LIGHT. — OF THE 
COLOURS OF BODIES. 

MRS. B. 

The refraction of light will furnish the subject of to-day's 
lesson. 

Caroline. That is a property of which I have not the faintest 
idea. 

Mrs, BJ It is the effect which ti^nsparent mediums produce 
on light in its passage through them. Opaque bodies, you know, 
reflect the rays, iind transparent bodies transmit them; but it is 
found, that if a ray^ in passing from onemediumy into another of 
different density^ fall obliquely^ it is turned out of its course. 
The ray of lignt is then said to be refracted. 

Caroline. It must then be acted on by some new power, 
otherwise it would not deviate from its first direction. 

Mrs. B. The power which causes the deviation of the ray, 
appears to be the attraction of the denser medium. Let us sup- 
pose the two mediums to be air, and water; if a ray of light 
passes from jur, into water, it is more strongly attracted by the 
latter, on account of its superior density. 

Emily. In what direction does the water attract the ray ? 

1. What ifl meant by the reihiction of light? 2. What is believed to be 
the cause of refiraetion ? 
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Mrs. B. The ray is attracted /'perpcndieularly towards the . 
water, in the same maimer in which bodies are acted upon bj 
gtaviW. 
'\ii then a ray, A B, (fe. 1, plate 19.) fall perpendicularly on 



water, the attraction of the water acts in the same direction as 
the course of the ray: it will not, therefore, cause a deviation, 
and the ray will proceed straight on, to E.' But if it fall oblique- 
ly, as the ray C B, the water will attract it out of its course, 
tet us suppose the ray to have approached the surface of a den- 
ser medium, and that it there begins to be affected by its attrac- 
tion; this attractipn, if not counteracted by some other power, 
would draw it perpendicularly to the water, at B; but it is also 
impelled by its projectile force, which the attracti(m of the den- 
ser medium cannot overcome; the ray, therefore, acted on by 
both, these powers, moves in a direction between them, and in- 
stead of pursuing its original course to D, or being implicitly 
guided by the water to E, proceeds towards F, so that the ray 
appears bent or broken. 

Caroline. I understand that very well; mmI is not this the 
reason that oars appear bent in the water? 

Mrs, B, It is owing to the refraction of the rays, reflected 
by the oar; but this is in passing from a dense, to a rare medium, 
for you know that the rays, by mean» of which you see the oar, 
pass from water into air. 

Emily. But I do not understand wh^ refraction takes place, 
when a ray passes from a dense into a rare medium; I siiould 
suppose that it would be less, attracted by the latter, than by 
the former. 

Mrs, B. And it is precisely on that account that the ray is 
refracted. Let: the upper half of fig. 2, represent glass, and 
the lower half water, let C B represent a ray, passing obliquely 
from the glass, into water: glass, being the denser medium, the 
ray will be more strongly attracted by that which it leaves than 
by that which it enters. The attraction of the glass acts in the 
direction A B, while ihe impulse of projection would carry the^ 
ray to F; it moves, therefore, between these directions towards D. * 

Emily. So that a contrary refraction takes place, when a ray 
)>asses trout a dense, into a rare medium* 

Mrs. B. The rule upon this subject is this; when a ray of 
light passes from a rare into a dense medium^ it is refracted to- 
wards the perpendicular^ when from a dense into a rare medium y 
it is refracted from the perpendicular. By the perpendicular is 
tneant a line, at right angle with the refracting surface. This 
' 3. How is a ray refracted in passing obliquely from air into water? 
4. How is this refraction explained in fi*. 1, plate 19 ? 5. What is fig". 2 in- 
tended to explain ? 6, What is tlie rule respecting refraction, by different 
mediums?. 
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may he se^n in fig. 1, and fig. 2, where the line^ A E,)are the 
perpendiculars. ^ / 

Caroline, But does not the attraction of the denser medium 
affect the ray before it touches it ? 

Mrs, B, The distance at which the attraction of the denser 
medium acts upon a ray, is so small, as to be insensible^ it ap- 
pears, therefore, to be refracted only at the point at which it 
passes from one medium into the other. 

Now that you understand the principle of refraction, I will 
show you the real refraction of a ray of light. Do you see the 
flower painted at the bottom of the inside of this tea-cup? 

Emily. Yes.— But now you have moved it just out of sights 
the rim of the cup hides it. 

Mrs, B, Do not stir. I will fill the cup with water, and 
you will see the flower again. 

Emily, I do, indeed! Let me try to explain this: when you 
drew the cup from me, so as to conceal the flower, the rays re- 
flected by it, no longer met my eyes, but were directed above 
them 5 but now that you have fillea the cup with water, they are 
refracted, and bent downwards when, passing out of the water, 
into the air, so as again to enter my eyes. 

Mrs, B, You have explained it perfectly: fig. 3. will help 
to imprint it on your memory. You must observe that when tlie 
flower becomes visible by the Infraction of the ray, you do not 
see it in the situation which it really occupies, but thie image of 
the flower appears higher in the cup;, for as objects always ap- 
pear to be situated in the direction of the rays which enter the 
eye j^ the flower will be seen at B, in the direction of the refracted 
ray.^ 

Endly, Then, when we see the bottom of a clear stream of 
water, the rays which it reflects, ,l>eing refracted in their pass- 
age from the water into the air, will make the bottom appear 
higher than it really is. 

Mrs, B^ And^he water will consequently appear more shal- 
low. Accidents have frequently been occasioned by this cir- 
cumstance; and boys, who are in the habit of bathing, should be 
cautioned not to trust to the apparent shallowness of water, as 
it will always prove deeper than it appears. 

The refraction of light prevents our seeing the heavenly bodies 
in their real situation: the light they send to us being refracted 
in passing into the atmosphere,- we see the sun and stars in the 
direction of the refracted ray; as described in fig. 4, plate 19., 

7. What 18 meant by the perpendicular.? 8. How does fig. 3, plate 19, 
elucidate the law of refraction ? 9. What will be the effect on the apparent 
situation of the flower ? 10. What effect has reiractioo upon tiie apparent 
depth of a stream of water ? 
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pae dotted line represents the exteat of the atmosphere, above s 
portion of the earth, £ B £: a ray of light coming from the sun 
», falls obliquely on it, at A, and is refracted to B^^then, dince 
we see the object in the direction of the refracted ray, a specta- 
tor at B, will see an image of the sun at C, instead of its real 
situation, at S. 

Ermly. But if the sun were immediately over our heads, 
its rays, falling perpendicularly on the atmosphere, would not 
be refracted, ana we should then see the real sun, in its true 
situation. ^ 

Mr8. B. You must recollect that^the sun, is vertical only 
to the inhabitants of the torrid zone;) its rays^ therefore, are al- 
ways refracted, in this latitude. Tb4re is also anotlier obstacle 
to our seeing the heavenly bodies in their real situations: light, 
though it moves with extreme velocity, is about eight minutes 
and a auartei:, in its passage from the sun to the earth; therefore, 
when tne rays reach us, the sun must have quitted the spot he 
occupied on their departure; yet we see him m the direction of 
l^se rays, and consequently in a situation which he had aban- 
doned[ eight minutes and a quarter,' before. 

EmU^. When you speak of the sun's motion, you mean, I 
suppose, his apparent motion, produced by the diurnal motion 
of tne earth? 

' Mrs. B. Certainly; the effect being the same, whether it is 
our earth, or the heavenly bodies, which move: it is more easy to 
represent things as they appear to be, than as they really sa^. 

Caroline, During the morning, then, when the sun is rising 
towards the meridian, we must (from the length of time the li^t 
is in reaching us) see an image of the sun below that spot which 
it really occupies. 

Emvy. But the refraction of the atmosphere, counteracting 
this effect, we may, perhd.ps, between the two, see the sun in its 
real situation. 

Caroline, And in the afternoon, when the sun is sinking in 
Hie west, refraction, and the length of time which the light is in 
reaching the earth, will^ conspire to/render the image of the sun, 
higher than it really is. ) 

Mrs, B, The refraction of the sun's rays, by the atmosphere, 
prolongs our days^.as it occasions our seeing an image of the sun, 
both before he ris^ s, and after he sets; when below our horizon, 
he still shines upon the atmosphere, and his rays are thence 
refracted to the earth: so likewise we see an image of the sun, 

11. How does the atmosphere refract the rays of the sun, as rei»«8ented, 
fig. 4.' 12. Why have we the rays of the sun always refracted? 13. What 
ien^h of time is required for light to travel from the sun, to the earth ? 
14. What effect has this upon his apparent place ? 15. How is the length of 
the day affected by refraction? 
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preTioosW io his rising, the rajs that fall upon the atmosphere 
Dieing refracted to the earth. 

Caroline. On the other hand, we must recollect that light is 
eight minutes and a quarter on its journey; so that, by the time 
it reaches the earth, the sun may, perhaps, have risen above th^ 
horizon. 

EmUy. Pray, do not glass windows, refract the light? 

Mr8. B. They do; but this refraction .would not & perc^ 
tible, were the simaces of the glass, perfectly flat and parallel^ 
because, in passing through a pane ot ^las8,< the rays suffer two 
refractions, which, being m contrary directions, produce nearly 
the same effect as if no refraction had taken place. 

Emily. I do not understimd that. 

Mrs. B. Fij. 5, plate 19, will make it clear to you: (A A 
represents a thick pane, of glass, seen edgeways. When the 
ray B approaches the glassy at C, it is refracted by it; and in- 
stead 01 continuing^ its course in the same direction, as the dot- 
ted line describes, it passes through, the pane, to D;yat that point 
returning into the air, it is again refracted by the' glass, but in 
a contrary direction to the first refraction, and in consequence 
proceeds to E. j Now you must observe that the ray B C and 
the ray D E^ing parallel, the light does not appear to have 
suffered any refraction: the apparent, differing so little from the 
true place of any object, when seen through glass of ordinary 
thickness. «. 

Emily. So that the effect which takes place on the ray en- 
tering the glass, is undone on its quitting it. Or, to . exjpress 
myself more scientifically, when a ray of fight passes from one 
medium into anotlier, and through tHat into the first again, the 
two refractions being equal, and m opposite directions, no sensi- 
ble eifect is produced. 

Carolina. I think tiie effect is very sensible, for, in looking 
through the glass of the window, I see objects very much^Us- 
torted; articles which I know to be straignt, appear benf sml^ 
broken,, and sometimes the parts seem to be separated to a dis- 
tance from each other. 

Mrs. B. That is(because common window glass is not flat, 
its whole surface being uneven. Bays from any object, falling 
upon it under different angles, are, consequently, refracted in 
various ways, and thus produce the distortion you have observed. 

Emily. Is it not m c(msequence of refraction, that the 
glasses m common spectacles, magnify objects seen through tiiem? 

Mrs. B. Yes. Glasses of this description are called Zen«e«; 

16. How are rays refracted, which &11 obliqaely upon a flat pane of g^lass, 
(figf. 5, plate 19 ?) 17. What is the reason that objects are cUatorted, when 
seen through common window glass ? 
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of these, there are several kinds, the names of which it will be 
necessary for jou to learn. Every lens is formed of glass, ground 
80 as to form- a segment of a sphere, on one, or both sides. Thej 
are all represented at fig. 1, plate 20. The most common, is the 
1^ double convex lens,ND. This is thick in the middle, and tliin at 
the edges, like common spectacles, or reading glasses. A B, is 
Sk' plano-convex^ leu^^ being flat on one side, and convex on the 
ower. E is a.] double concave'^eingy in all respects, the reverse 
of D. 'C is & ^anO'Concave, n&t on one^side, and concave on tli« 
other. F is called a meniscus, or concavo-convex^ being concave 
on one, and convex on the other side. / A line passing through 
the centre of a len^ is called its axis, ^ 

Caroline. I shcmld like to understand how the rays of light 
are refracted, by means of a lens. 

Mrs, B. when parallel rays (fig. 6.) fall on a double con- 
vex lensy that only, which falls in the direction of tlie axis of the 
lens, is perpendicular to the surface; the other rays, falling 
obliquely, are refracted' towards the axisjiand will meet at k point 
beyond the lens,;called ^ focus, ) ^ 

Of the three rays, ABC, which fall on the lens D E, the 
rays A and C are refracted in their passage through it, to a, and 
c; and on quitting the lens, tliey undergo a second refraction 
in the same direction, which unites them with the ray B, at tiie 
focus F. 

Emily, And what is the distance of the focus, from the sur- 
face of tlie lens? 

Mrs, B, The focal distance defends both upon the form of 
the lens, and on the refracting power of the substance of which 
it is made: in a glass lens, both sides of which are equally ^con- 
vex, tlae focu4 is situated nearly at the centre of the spher^of 
which the suriace (»f the lens forms a portion | it is at the ^s- 
tance, therefore, of the radius of the sphere. 
• dBS'^ pi'op^^tj of those lenses which have a convex surface, is 
tb^cMlect the rays of light to a focus; and of those which have a 
concave surface, ou the contrary, to disperse them. For the 
rays A and C, falling on the concave lens X Y, (fig. 7, plate 19.) 
instead of converging towards the ray B, in the axis of the lens, 
will each be attracted towards the tmck edges of the lens, both 
on entering and quitting it, and will, therefore, by the first re- 
fraction, be made to diverge to a, c, and by the second, to <7, e^^ 

Caroline, And lenses which have one side flat, and the other 

18. What is meant by a lens ? 19. What are the five kinds called, repre- 
sented at fig. 1 , plate 20 ? 20. What is meant by the axis of a lens ? 21 . Uo''^ 
are parallel rays, refiracted by the double convex lens, fig. 6, plate 19? 
22. What is meant by the focus of a lens ? 23. What is the focal distaHce of 
paraUel rays, from a double convex lens ? 24. How are the rajrs refracted 
by a coRcave lens, fig. 7, plate 19 ? 
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convex, or concave, as A and B, (fig. 1, plate 20.) are^ I suppose, 
^ less powerful in their refractions? ) 

*^ Mrs. B., Yes| the focuS of the plano-convexris at tlie dis- 
tance of the diameter of a sphere,' of which the cDnvex surface 
pf the lens, forms a portioni as ^represented in figure 2, plate 
20. . The liiree parallel #liys, ABC, are brought to a focus by 
. the plano-convex lens, X Y,at F. 

Emily. You have not explained to us, Mrs. B., how the lens 
serves to magnify objects. 

Mrs. B. By turning again to fig. 6, plate 19. you will readi- ' 
. ly understand this. ( Let A C, be an object placed before the 
lens, and suppose It to be seen by an eye at F5 the ray from the 
point A, will be seen in the direction F G, that from C, in the direc- 
tion F iii the visual angle, therefore, will be greatly increased^ 
and the gfeject must appear larger, in proportion. 

I must now explain to you tlie refraction of a ray of light, by 
a triangular piece of glass, called;^ prism. . (Fig. 3.) 

Emuy. The three sides of this glass are flatj it cannot, there- 
fore, bring the rays to a focus; nor do I suppose that its refrac- 
tion will be similar to that of a flat pane of glass, because it has 
not two sides parallel; I cannot, therefore, conjecture what eflect 
the refraction by a prism, can produce. 

Mrs. B. The refractions of the ray, both on entering and on 
quitting the prism, are in the same direction, (Fig. S.) On en- 
tering Sie pnsm P, the ray A is refracted from B to C, and on 
quitting it from C to D. In the first instance it is refracted to- 
wards, and in the last, from the perpendicular; each causing it to 
deviate in the same way, from its original course, A B. 

I will show you this by experiment; but for this purpose it 
will be advisable to close the window-shutters, and admit, 
through the small aperture, a ray of light, which I shall refract, 
by means of this prism. 

Caroline. Oh, what beautiful colours are represented on the 
opposite wall! There are all the colours of the rainbow, and witli 
a brightness, I never^saw equalled. (Fig. 4, plate 20.) 

Emily. I have seen an effect, in some respects similar to this, 
produced by the rays of the sun shining upon glass lustres; but 
now is it possible that a piece of white glass can produce such a 
variety ot brilliant colours? 

Mrs. B. The colours are not formed by the prism, but ex- 
isted in the ray previously to its refraction. 

25. What is the effect of one plane side in a lens ? 26. How is the focus 
of the plano-convex lens situat<^, fi^, 2, plate 20? 27. How does a Convex 
lens magnify objects, fig. 6, plate 19 ? 28. What is the article dcnominaled 
which is represented at fig. 3, plate 20? 29. How will a ray be refracted, 
which enters on one side of the pr'^m, in ^ho direction A B ? '30. What of- 
iect is produced by this refraction, as represented in fig. 4, plate 20 ^ 

Q 2 
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CaroHne, Yet, before its refraction, it speared perfectly 
white. 

Mrs, B. The white rays of the sun^re composed of rays, 
which, when separated, produce all these colours, although when 
blended togetlier, they appear colourless or white. ^ 

Sir Isaac Newton, to whom we are mdebted for the most im- 
portant discoveries respecting light and colours, was the first 
who divided a white ray of light, and found it to consist of an 
assemblage of coloured rays, which formed an ima^e upon the 
wall, such as you now se^ exhibited, (fig. 4.) in which are dis- 
played the following series of colours :/red, orang-e, yellow, green, 
blue, indigo, and violet.) 

Emily, But how does a prism separate these coloured rays? 

Mrp. B, By refraction. It appears that the coloured rays 
have^different degrees of refrangibilityl in passing through the 
prism, therefore, they take diflferent directions according to their 
susceptibility of refraction. The violet rays deviate most from 
their original course; they appear at one of the ends of the spec- 
trum, A B: contiguous to the violet, are the blue rays, being 
those which have somewhat less refrangibility; then follow, in 
succession, the green, yellow, orange, and lastiy, the red, which 
are the least retrangible of the coloured rays. 

Caroline. I caimot conceive how these colours, mixed to- 
gether, can become white? 

Mrs. i?.. That I cannot pretend to explain; but it is a fact, 
that the union of these colours, in the proportions in which they 
'Appear in the spectrum, produce in us the idea of whiteness. v^If 
you paint a circular piece of card, in compartments, with tliese 
seven colours, as nearly as possible in the proportion, and of the 
shade exhibited in the spectrum, and whirl it rapidly on a pin^ 
it will appear white; ks the velocity of the motion, wdl have the 
effect of blendiHg the' colours, in the impression which they make 
upon the eye. 

But a more decisive proof of the composition of a white ray is 
afforded, by reuniting these coloured rays, and forming with 
them, a ray of white light. 

Caroline, If you can take a ray of white light to pieces, and 
put it toa^ether again, I shall be quite satisfied. 

Mrs, ^B, Tliis can be done by letting the coloured rays, 

' ' ' ' i^ been separated by a prism, fjul upoa a lens, which 

will converge them to a focus; and if, when thus reunited, we 

find that they appear white as they did before refraction, I hope 

you will be convinced that the white rays, are a compound 

31. Of what are the rays of white light said to be composed? 3«. What 
colours are produced? -33. By what property, in light, does refraction 

enable U3 to separate these different rajrs? 
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of the 'several coloured rays. (The prism P, you see, (fig. 5.) 
separates a ray of white light, into seven coloured rays, and the 
lens L L brings them to a focus at F, where they again appear 
white. ) 

Caratine, You succeed to perfection: this is indeed a most 
interesting and conclusive experiment. 

Emily, Yet, Mrs. B., 1 cannot help thinking, that there 
may, perhaps, be but three distinct colours in the spectrum, red, 
yellow, and blue; and that the four others may consist of two 
of these colours blended together | for, in painting, we find, that 
by mixing red and yellow, we produce orange; with different 
proportions of red and blue, we make violet or any shade of pur- 
ple; and yellow, and blue, form green. Now, it is very natural 
to suppose, that the refraction of a prism, may not be so perfect 
as to separate the coloured rays of light completely, and that 
those which are contiguous, in order of refrangibility, may en- 
croach on each other, and by mixing, produce the intermediate 
colours, orange, green, violet, and indigo. 

Mrs. B. Your observation is, I believe, neither quite wrong, 
nor quite right. Dr. Wollaston, who has performed many ex- 
periments on the refraction of light, in a more ac^uiaio man tier 
thai^ had been previously done, by receiving a very narrow line 
of light on a prism, found that it formed a spectrum, consisting 
of rays of four colours only; but they were not exactly those you 
have named as primitive colours, for they consisted of red, green, 
bluej and violet. A very narrow line of yellow was visible, at 
the limit of the red and green, which Dr. Wollaston attributed 
to the overlapping of the edges of tlie red and green light, 

Caroline, But red arid green mixed together, do not produce^ 
yellow? , Vr. 

Mrs, B, Nbt in painting; but it may be so in the priiilnive 
rays of the spectrum. Dr. Wollaston observed, that, by increas- 
ing the breadth of the aperture, by which the line of light was 
admitted, the space occupied by each coloured ray in tlie spec^ 
trum, was augmented, in proportion as each portion encroached 
on the neighbouring colour, and mixed with it; so that the in- 
tervention of orange and yellow, between the red, and green, is 
owing,-he supposes, to the mixture of these two colours;; and the 
blue is blended on the one side with the green, and on the 
other with the violet, forming the spectrum, as it was originally 
observed by Sir Isaac Newton, and which I have just shown 
you. 

The rainbow, which exhibits a series of colours, so analogous 

34. What experiment may be performed with a piece of card, so as to 
exemplify the compound nature of light ? 35. How can the same be shown 
by a lens, fig. 5. plate 20 ? 36. Is it certain that there are seven primitive 
oeloars in the spectrum? 
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to those of tiie spectrum, is formed by the refraction of the sun's 
rays, in their passage through a shower of rain 5 every drop of 
which acts as a prism, in separating the coloured rays as they 
pass tlirough it| the combined effect of innumerable drops, pro- 
duces the bow; which you know can be seen, only when there 
are both rain, and sunshine. 

Emily. Pray, Mrs. B., cannot the sun's rays be collected to 
a focus by a lens, in the same manner as they are by a concave 
mirror? 

Mrs, B. The same effect in concentrating the rays, is pro- 
duced by the refraction with a lens, as by the reflection from a 
concave mirror: in the first, the rays pass through the glass and 
converge to a focus, behind it; in the latter, they are reflected 
from the mirror, and brought tib a focus, before it. A lens, when 
used for the purpose of collecting the sun's rays, is called a 
burning glass. I have before explained to you, the manner in 
which a convex lens, refracts the rays, and brings them to a 
focus; (fi^. 63 plate 19.) as these rays contain both light and 
heat, the latter, as well as the former, is refracted; and intense 
lieat, as well as light, will be found in the focal- point. The 
sun now shines very bright; if we let the rays fall on this lens, 
you will perceive tne focus. 

Emily. Oh yes: the point of union of the rays, is very lumi- 
nous. I will hold a piece of paper in the focus, and see if it will 
take fire. The spot of light is extremely brilliant, but tlie paper 
does not burn? 

Mrs, B. Try a piece of brown paper; — ^that, you see, takes 
fire almost immediately. 

Caroline, This is surprising; for the light appeared to shine 
more intensely, on the white, than on the brown paper. 

Mrs. B, The lens collects an equal number of rays to a 
focus, whetlier you hold the white or the brown paper, there; but 
t}ie white paper appears more luminous in the focus, because 
most of the rays, instead of entering into the paper, are reflected 
by it; and this is the reason that tne paper does not readily take 
fire: whilst, on the contrary, the brown paper, which -absorb* 
more light and heat than it reflects, soon becomes heated and 
takes fire. 

Caroline. This is extremely curious; but why should brown 
paper, absorb more rays, than white paper? 

Mrs. B. I am far from being able to give a satisfactory 
answer to that question. We can form but mere conjecture on 
this point; it is supposed that the tendency to absorb, or reflect 
37. How is the rainbow produced, and what is necessary to its production? 
38. How. are the solar rays affected by a convex lens ? 39. Why is such a 
lens, caUed a burning glass ^ 40. Why are bodies of a dark odour, more 
readily inflamed, than those which are white ? 
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rays, depends on the arrangement of the minute particles of the 
body, and that this diversity of arrangement renders some bodies 
susceptible of reflecting one coloured ray, and absorbing the 
others; whilst other bodies, have a tendency to reflect all the 
colours, and others again, to absorb them all. 

Etnily. And how do you know which colours bodies have a 
tendency to reflect; or which to absorb? 

Mrs, B. Because a body always appears to be of the colour 
which it reflects; for, as we see only byA^eflected rays^)it can 
appear of the colour of those rays, only. 

Caroline, But we see all bodies of their own natural colour, 
Mrs. B. ; the grass and trees, green; the sky, blue; the flowers 
of various hues. 

Mrs. B, True; but why is the grass greenP^-because it ab- 
sorbs all, except the green rays; it is, therefore, these only which 
the grass and trees reflect to our eyes, and this makes them 
appear green. <^ The flowers, in the same manner, reflect the 
various colours' of whibh they appear to us; the rose, the red 
rays; the violet, the blue; the jonquil, the yellow, &c. 

Caroline, But these are the permanent colours of the grass 
and flowers, whether the sun's rays shine on them or not 

Mrs, B, ^ Whenever you see those colours, the flowers must 
be illumined by some light; and light, from whatever source it 
proceeds, is of tne same nature; Composed of the various coloured 
rays which paint the grass, the flowers, and every coloured ob- 
ject in nature. 

Caroline, But, Mrs. B., tlie grass is green, and the flowers 
are coloured, whether in the dark^ or exposed to the light. ^ 
Mrs, B, Why should you think so? 
Caroline, It cannot ^e otherwise. , 

Mrs,, B, A most philosophical reason indeed ! But, as I 
never saw them in the dark, you will allow me to dissent from 
your opinion. 

Caroline, What colour do you suppose them to be, then, in 
the dark? 

Mrs, B, None at all;- or black, which is the same thing. You 
can never see objects, without light. White light is compounded 
of rays, from which all the colours in nature are produced; there, 
therefore, can be no colour without light; and though a substance 
is black, or without colour, in the dark, it may become co- 
loured, as soon as it becomes visible. It is visible, indeed, only 
by the coloured rays which it reflects; therefore, we can see it 
only when coloured. 

41. What is believed to be the reason, why some bodies absorb i&«re rayj 
tlian otbcrs ? 42. 'What determlHes the colour of any particular body ? 43. 
What exemplifications are g^ren ? 44. By .what reasonings is it^roYed« that 
bodies do not retain their clours in the dark ? 
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Caroline. All you say seems very true, and I know not what 
to object to it; yet it appears at the same time incredible ! ^ What, 
Mrs. B., are we all as black as negroes in the dark? you make 
rae shudder at the thought 

Mrs, jB. Your vanity need not be alarmed at the idea, as 
you are certain of never being seen, in that state. 

Caroline, That is some consolation, undoubtedly; but what 
a melancholy reflection it is, that all nature which appears so 
beauti^Uy diversified with colours, is redly one uniform mass 
of blackness! 

Mrs, B, Is nature less pleasing for beins coloured, as well 
as illumined, by the rays of tight? and are colours less beautiful, 
for being accidental, rather than essential properties of bo- 
dies ? 

Providence seems to have decorated nature with the enchant- 
ing diversity of colours, which we so much admire, for the sole 
purpose of beautifying the scene, and rendering it a source of 
sensible stratification: it is an ornament which embellishes 
nature, wnenever we behold her. What reason is there to re- 
gret, that she does not wear it when she is invisible?. 

Emily, I confess, Mrs. B., that I have had my doubts, as 
well as Caroline, though she has spared me the pains of express- 
ing them: but 1 have just thought of an experiment, which, if it 
succeed, will, I am sure, satisfy us both. It is certain, that we 
cannot see bodies in the dark, to know whether they have then 
any colour. Bufe we may place a coloured body in a ray of light, 
which has been refracted by a prism; and if your theory is true, 
til 2 b : :!jj of whatever colour it naturally is, must appear of the 
colour of the ray in which it is placed; for since it receives no 
other coloured rays, it can reflect no others. 

Caroline, Oh ! that is an excellent thought, Emily; will you 
stuml lilt' test, Mrs. B.? 

Mrs. B, I consent: but we must darken the room, and ad- 
mit only the ray which is to be refracted; otherwise, the white 
rays will be reflected on the body under trial, from 'various parts 
of^the room. With what do you choose to make the experi- 
ment? 

Caroline, This rose: look at it, Mrs. B., and tell me whe- 
ther it is possible to deprive it of its beautiful colour? 

Mrs, Ji, We shall see.— I expose it first to the red rays, 
and tlie flower appears of a more brilliant hue; but observe the 
green leaves— 

Caroline, Tliey appear neither red nor green; but of a dingy 
brown with a reddish glow? 

• 
45. What proof of the truth of this theory of cdours, JOky be afforded by 
the pri^rn ? 
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Jfr*. \S.\jrhey cannot appear green, because they have no green 
rays to reflect;^ neither are they red, because green bodies ab- 
sorb most of th^ red rays. But though bodies, from the arrange- 
ment of their particles, have a tendency to absorb some rays, and 
reflect otheo^ yet it is not natural to suppose, that bodies are so 
perfectly uhiform in their arrangement, as to reflect only pure 
rays of one colour, and perfectly to absorb the others^ it is found, 
on the contrary, that a body reflects, in great abundance, the 
rays which determine its colour, and the others in a greater or 
less degree, in proportion as they are nearer to or further from its 
own colour, in the order of refrangibility. The green leaves of 
the rose, therefore, will reflect a few of the red rays, which, 
blendj^d with their natural blackness, give them that brown 
tinge: if they reflected none of the red rays, they would appear 
perfectly black. Now I shall hold the rose in the blue ray*— 

Caroline. Oh, Emily, Mrs. B. is right! look at tl\e rose: it is 
no longer red, but of a dingy blue colour. 

Emily. This is the most wonderful, of any thing we have yet 
learnt But, Mrs. B.,what is the reason that the green leaves, 
are of a brighter blue than the rose? 

Mrs. B. The green leaves reflect both blue and yellow rays, 
which produce a green colour. They are now in a coloured 
ray, which tliey have a tendency to reflect^ they, therefore, re- 
flect more of the blue rays than the rose, (which naturally ab- 
sorbs that colour,) and will, of course, appear of a brighter 
blue. 

Emily. Y6t, in passing the rose through the different colours 
of the spectrum, tlie flower takes them more readily than the 
leaves. 

Mrs. B. Because the flower is of a paler hue. Bodies which 
reflect all the rays, are white; those which absorb them all, 
are black: between these extremes, bodies appear lighter or 
darker, in proportion to the quantity of rays they reflect or ab- 
sorb. This rose is of a pale red; it approaches nearer to wliite 
than to black, and therefore, reflects rays, more abundantly than it 
absorbs them. 

Emily. But if a rose has so strong a tendency to reflect rays, 
I should imagine that it would be of a deep red colour. 

Mrs. B. I mean to say, that it has a general tendency to 
reflect rays. Pale coloured bodies, reflect all the coloured rays 
to a certain degree, their paleness,, being an approach towards 
whiteness: but they reflect one colour more than the rest: 

46. Why wiU gpr^en leayes, when exposed to the red ray, appear of a dingy 
brown ? 47. Bodies, in general, when placed in a ray differing in colonr from 
their own, appear of a mixed h^e, what causes this ? 48. Why wiU bodies 
of a pale, or light hue, most perfectly, assume the (iifiiBrent colours of th^ 
spectrum? 
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this predominates over the white, and determines tlie coloui* of 
the body. S^rlce, then, bodies of a pale colour, in some degree 
reilect all the rajs of light, in passing through the various co- 
lours of tlie s]>ectrum, thej will reflect them all, with tolerable 
brilliancy; but will appear most vivid, in the ray of tlieir natural 
colour. Tlie green leaves, on tlie contrary, are of a dark colour, 
bearing a stronger resemblance to black, than to whiter they 
have, therefore, a greater tendency to absorb, than to reflect 
rays^ and reflecting very few of any, but the blue, and yellow 
rays, they will appear dingy, in passing through tlie other co- 
lours of the spectrum. 

Caroline. They must, however, reflect great quantities of 
the green rays, to produce so deep a colour. 

Mrs, B, ' Deepness or darkness of colour, proceeds rather 
r from a deficiency, than an abundance of reflected rays. 'Reraem- 
ber,#that if bodies reflected none of the rays, they would be 
blacRf and if a body reflects only a few green rays, it will ap- 
pear of a dark green ;\it is the brightness, and intensity of the 
colour, which show tlwt a great quantity of ray3 are reflected. 

Emily^ A white body, tlien, wiiich reflects all jthe rays, will 
appear equally bright in all the colours of the spectrum. 

Mrs. B. Certamly. And this is easily proved by passing a 
sheet of white paper, through the rays of the spectrum. 
C^ White, you perceive, results from a body reflecting all the 
rays which fall upon it^-black, is produced, when tliey are all ab- 
sorbed: and colour, arises from a body possessing the power to 
decomp(»se the solar ray, by absorbing some parts, and reflect- 
ing others. 

Caroline. What is the reason that articles which are blue, 
often appear green, by candle-light? 

Airs. B. The light of a candle, is not of so pure a white as 
tliat Lff ilic sun: it has a yellowish tinge, and when refracted by 
the prism, the yellow rays predominate; and blue bodies reflect 
some of the yellow rays, from their being next to the blue, in the 
order of refrangibility; the superabundance of yellow rays, which 
is supplied by the candle^ gives to blue bodies, a greenish hue. 

Caroline, Candle-light must then give to all bodies, a yel- 
lowish tinge, from the excess of yellow rays; and yet it is a 
common remark, tliat people of a sallow complexion, appear 
fairer, or whiter, by candle-light. 

Mrs* B, The yellow cast of their complexion is not so strik- 
ing, when every surrounding object has a yellow tinge. 

Emily. Pray, why does the sun appear red, thiough a fog? 

49. Upon what property in a body, does the darkness of its colour depend ? 
60. Why do some bodies appear white, others black, and others of different 
colours ? 61. From what cause do bl ue articles appear green, by candle-light ? 
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^ ON REFRACTION AND COLOURS. 19S 

^ Mrs, B, • It is supposed to be owing to tiie rays, which arc 
itiost refrangible, being also the most easily reflected: in pa^- 
-^ ing through an Atmosphere, loaded with moisture, as in fe^y 
-O'weatlier, and also in the mominff and evening, when mists pre- 
^^vail, the violet^ indigo^ hlue^ zxaS green rays, are reflected back 
y ' by the particles which load the air; whilst the yeUow^ or^ge^ 
'^', and red rays, being less susceptible of reflection, pass on, and 

reach the eye. 
-^ Caroline. And, pray, why is the sky of a blue colour? 

Mrs. B. You should rather say, the atmosphere ; for the sky 
^ is a very vague term, the meaning of which, it would be dim- 
cult to define, philosophically. 

Caroline. But the colour of the atmosjAere should be white, 
since all the rays traverse it, in their passage to the earth. 
^ Mrs. B. Do not forget that the direct rays of light which 
^ pass from the sun to the earth, do not meet our eyes, excepting 
when we are looking at that luminary, and thus intercept tnem; 
in which case, you know, that the sun appears white. The 
f atmosphere is a transparent medium, through which the sun's 
^ rays pass finely to the earth 5 but the particles of which it is 
composed, also reflect the rays of light, and it appears that 
they possess the property of reflecting the blue rays, tiie most 
; copiously; the lignt, therefore, which is reflected back into the 
I atmosphere*, from the surface of the earth, falls upon these , 
I particles of air, and tiie blue rays are returned by reflection: 
^ this reflection is performed in every possible direction; so that 
whenever we look at the atmoapliere, some of tiiese rays fall 
^ upon our eyes; hence we see the air of a blue colour. If the 
^ atmosphere did not reflect ^y rays, though the objects, on the 
^ surface of the earth, would be iluiminated, the sky would ap- 
pear perfectly black. 

CarQline. Oh, how melancholy would that be; and how per- 

f nicious to the sight, to be constantiy viewing bright objects 

^ against a black sky. But what is the reason Siat lK>dies often 

change their colour; as leaves, which wither in autumn, or.Mjpat 

of ink, which produces an iron-mould on linen? Wt 

/' Mrs. B. It arises .from some chemicul change, which takes 

place in the arrangement of the component parts; by which they 

lose their tendency to reflect certain colours, ana acquire the 

power of reflecting others. A withered leaf thus no longer reflects 

the blue rays; it appears, therefore, yellow, or has a slight ten 

dency to reflect several rays, which produce a dingy brown C({ ' 

52. What is believed to be the caoee, of the red -appeSrance of the sun, 
through a f<^, or mis^ atmosphere ? 63. From what h the hlue colour of 
the sl^, thought to arise ? 54. What would be the colour of the sky, did not 
the atmosphere reflect light? 55. From what cause do some bodies change 
their (jolour, as leaves formerly green, become brown, and ink y«ttow? 
•* R 
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An ink spat <m linai, at first absorbs all the rays; but, from 
the action <u suam er o( some other agent, it undergoes a chemi- 
cal chanse, and uie spot pardkll j regains its tendency to reflect 
cohmrs, nat with a preference to reflect the yellow rays, and 
8«ch is the colour of the iron-raoald. 

Emily. Bodies, then, far from being of the colour which they 
iqipear to possess, are of that colour to which they have th« 
^eatast aversion, widi which they will not incorpcnrate, but re- 
ject, and driye from them. 

ilfrt. B, It certainl|^ is so; though I scarcely dare venture 
to advance s»ch an ^nmcm, whilst Caroline is contemplating her 
beautiful rose. 

Catoline, My poor rote! you are net satisfied with depriving 
it of colour, but even make it have an aversion to it; and I am 
unable to contradict you. 

Emib/, Sincefdark bodies, absorb more solar ravs than light 
enesj^^ the former stiould sooner be heated if exposed to the sun? 

mf8, B* -And they are found, by experience, to be so. Have 
you never observed a blaek dress, to be warmer than a white one? 

Emily* Yes, and a white one more dazzling: tiie black is 
heated by absorbing ihe rays, the white is daz^ing, by reflecting 
them. 

CaroHne* And this was the reason that the brown paper was 
burnt in the focus of the lens, whilst the white paper exhibited 
the most luminous ^ot, but did not take fire. 

Mrs, B. It was so. It is now full time to conclude our 
lesson. At our next meeting, 1 shall give you a description of 
die eye. 

56. Why is a Uaek dreos, warmer in the aunshiiie, than a white one of the 
SUmetextHise? 
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ON THE STRUCTURE OF THE EYE, AND OPTKIAL 
INSTRUMRNTS. 

SXSCRIFTIOJf OP THE KYB.— OT THE IMAGE OW 1»HB REtHTA. — ICSVftAC- 
TION BY THE HVM OFR8 OF THE EYE. — OT THE USE OF SPBCTACMlS^-^ 
OF THE SIirGI.E HICROSCOVS.— OF THE I^VBLB MICROSCOPE.— OF TME 
SOLAR MICR08C0PE.^MAGICI«ASTHQIUK^HBJEERACTUr« TSLBflCOPB*'^ 
REFLECTUrO TELESCOPBi 

MRS. p. 

The body of the eje^ is of a spherical formi (fig. 1. plate SI.) 
it has two menibranous costtsi or coyerings; me external one, a 
a«, is 4»illed the sclerotica, this is commoi^ known under the 
name of the White of the eye; it has a projection in that part of 
t^e eye which is exposed to view, b ft, which is called the trans- 
parent cornea, because, when dried, it has nearly the consistence 
of very fine horn, and is sufficiently transparent for the light to 
t>btain free passage through it. 

The second membrane which lines the cornea, and envelops 
the eye, is called , the choroid, ccc; this has an opening in front, 
just beneath the comea^ which forms the pupil, or si^t of tha 
eye, d d^ through which the rays of light pass into ike ej^e. 
The pupil is surrounded by a coloured border called the iris, 
e By ^liich, by its muscular motion, always preserves ^e pupil 
of a circular form, whether it is expanded in the dark, or con- 
tracted by a sti'ong light This you will understand better^ by 
examining fig. -2. ^Ml 

Emily. I did not know that the pupil was 8usceptiblH|l^a* 
rying its dimensions. ^^" 

Mrs* B. The construction of the eye is so admirable, that it 
is capable of adapting itself^ more or less, to the circumstances 
in which it is placed. In a faint light, liie fmpil dilates so as to 
receive an additional quantity of rays, and in a strong light, it 

1. What is the form of the body of the eye? fl^, 1, pUte f 1. 2. What if 
its esEternal coat called ? 3. What is the transparent part of this coat denomi- 
nated ? 4. What is the second coat named ? Sv ^hat opening is there in 
ibis? 6. What is the coloured part which sorroonds the pupil f 7. The 
ptipils iilate and contract, what purpose does this aoafWer? 
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oontracts, in order to prevent the intensity of the light from in- 
juring ^e optic nerve. * Observe Emily's eyes, as she sits lik- 
ing towards the windows: the pupils appear very small, and 
the iris, larse. Now, Emily, turn from the light, and cover 
your eyes wilh your hand. So as entirely to exclude it, for a few 
moments. 

Caroline. How very much the pupils of her eyes are now 
enlarged, and the iris diminished ! This is, no doubt, the reason 
why the eyes suffer pain, when from darkness, they suddenly 
come into a strong light; for the pupil being dilated, a quantity 
of rays must rush in, before it has time to contract 

JBmih. And when we go from a strong light, into obscurity, 
we at mrst imagine ourselves in total darkness 5 for a su&cieut 
number of rays cannot gain adihittance into the contracted 
pu|;Al, to enable us to distinguish objects: but in a few minutes it 
dilates, and we clearly perceive objects which were before in- 
visible. 

Mrs. B. It is just so. The choroid c c, is embued with a 
black liquor, which serves to absorb all the rays that are irregu- 
larly reflected, and to convert the body of the eye, into a more 
perfect camera obscura. When the pupil is expanded to its ut- 
most extent, it is capable of admitting ten times the quantity of 
li^ht, that it does when most contracted. IJn cats, and animals 
w^ich are said to see in the dark, the power of dilatation and con- 
traction of the pupil, is still greater; it is computed that the 
pupils of their eyes may admit one hundred times more light at 
one time than at another. 

Within these coverings of the eye-ball, are contained, three 
transparent substances, called humours. . The first occupies the 
space immediately bt^hind the cornea, 'and is called the .aqueous 
kumour,//, from its liquidity and its resemblance to watw. !jpe- 
yond this, is situated the crystalline humour^ gg*, so called from 
its clearness and transparency: it has thfe form of a lens, and 
refracts the rays of light in a greater degree of perfection, than 
any that have been constructed by art: it is attached by two 
muscles, m wi, to eacli side of the choroid. ' The back part of the 
eye, between the crystalline humour and the retina, is filled by 
tne vitreous humour, h h^ which derives its name from a resem- 
blance it is supposed to bear, to glass, or vitrified substances. 

The membranous coverings of the eye are intended chiefly for 
the preservation of the retina, 1 1, which is by far the most im- 
portant part of the eye, as it is Uiat which receives the'impres- 

8. How could you observe the dilatation and contraction of the pupils ? 9. 
What purpose is the choroid said to answer ? 10. In what animals is the 
change in the iris greatest? 11. What are the three humours denominatecly 
and how are they situated? 
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sion o[ Ute objects of sight, and conveys it to the mind. The 
retina is formed by the expansion of the optic nervej\and is of a 
most perfect whiteness: this nerve proceeds from the brain, en- 
ters the eje, at tz, on the side next the nose, and is finely spread 
over the interior surface of the choroid. 

The rays of light which enter the ejre, by the pupil, are re- 
fracted by the- several humours in their passage tnrough them, 
and unite in a focus on the retina. 

Caroline. I do not understand the use of these refracting 
humours: the image of objects was represented in the camera 
obscura, without any such assistance. 

Mrs. B. That is true; but the representation became much 
more strong and distinct, when we enlarged the opening of the 
camera obscura, and received the rays into it, tlirough a lens. 

I have told you, that rays proceed from bodies in all possible 
directions, we must, therefore, consider every part of an ob- 
ject which sends rays to our eyes, as points from which the rays 
diverge, as from a centre. 

Emily. These divergent rays, issuing from a single point, I 
believe you told us, were called a pencil of rays? 

Mrs. B. Yes. Now, divergent rays, on entering the pupil, 
do not cross each otherj the pupil, however, is sufficiently large to 
admit a small pencil of themj and these, if not refracted to a 
focus, by the humours, would continue diverging after they had 
passed the pupil, would fall dispersed upon the retina, and thus 
the image of a single point, would be expanded over a large por- 
tion of the retina. 1 he divergent rays from every other point 
of the object, would be spread over a similar extent of space, 
and would interfere and be confounded with the first; so that no 
distinct image could be formed, and the representation on the re- 
tina would be confused, both in figure and colour. Fig. 3. repre- 
sents two pencils of rays, issuing from two points of the tree, A B, 
and entering the pupil C, refracted by tlie crystalline humour D, 
and fonning on the retina, at a 6, distinct images of the spot they 
proceed from. Fig. 4. differs from the preceding, merely from 
not being supplied with a lens; in consequence of wMoi, the 
pencils of rays are not refracted to a focus, and no distinct im- 
age is formed on the retina. I have delineated only the rays 
issuing from two points of an object, and distinguished tlie two 
pencils in fig. 4. by describing one of them with dotted lines : 
the interference of these two pencils of rays on the retina*: will 
enable you to form an idea of the confusion which would ^se, 

12. What is the part represented at t », and of what does it consist ? • 13. 
What are the respective uses of the humours, and of the retina? 14 
Why is it necessary the rays should be refracted? 15. How is this illustrat- 
ed by fig. 3 and 4, plate 21 ? 

R 2 




Digitized by VjOOQU 



m 



\ 



llSfS OPTICS. ^ 

from thousands and millions of points, at the sa^e instant pour- 
ing ^eir divergent rays upon the retina. 

Emily. True; but I do not yet well understand, how the 
refracting humours, remedy this imperfection. 

Mr8. S. The refraction of these several humours, unites the 
whole of a pencil of rays, proceeding from any one point of an 
object, to a corresponding point on uie retina, and the image is 
thus rendered distinct and strong. If you conceive, in fig. 3., 
every point of the tree to send forth a pencil of rays, similar to 
those from A B, every part of the tree will be as accurately 
represented on the retina, as the points a 6. 

Emily. How admirably, how wonderfully, is this contrived I 

Caroline. But since the eye absolutely requires refracting 
humpurs, in order to have a distinct representation formed on ^^ 
retina, why is not the same refraction equally necessary, for the 
images formed in the camera obscura ? 

Mrs.^B^ It is; excepting the aperture through which we re- 
ceive the rays into, the camera obscura, is extremely small; so 
that but very few of the rays diverging from a point, gain admit- 
tance; but when we enlarged the aperture, and furnished it with 
a lens, you found the landscape more perfectly represented. 

Caroline. I remember how obscure and confused the image 
was, when you enlarged the opening, without putting in the lens. 

Mrs, B, Such, or very similar, would be the representation 
on the retina, unassisted by the refracting humours. 

You will now be able to understand the nature of that imper- 
fection of sight, which arises from the eyes being too prominent 
Tn such cases, the crystalline humour, D, (fig. 5.) being extreme- 
ly convex, refracts the rays too much, and collects a pencil, 
proceeding from the object A B, into a focus, F, before they 
reach tlie retina. From this focus, the rays proceed, diverging, 
and consequently form a very confused image on the retina, at 
a h This is the defect in short-sighted people. 

Emily. I understand it perfecuy. But why is this defect 
remedied by bringing the object nearer to the eye, as we find to 
be dii case with Siort-sighted people? 

Mrs. B. The nearer vou bring an object to your eye, the 
rtore divergent the rays rail upon the crystalline humour, and 
consequently they are not so soon converged to a focus: this 
focus, therefore, either falls upon the retina, or at least ap- 
proaches nearer to it, and the object is proportionably distinct, 
as in fig. 6. 

Emuy. The nearer, then, you bring an object to a lens, the j 
furtlier the image recedes behind it. • 

16. What causes a person to be short-sighted? fig. 5, plate 21. 17. Why 
does placing^ an object near the eyo^ enable such, to see distinctly? %^ 6. 
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Mrs, B. Certainly. But short-sighted persons have another 
resource, for objects which they can not bring near to their eyes; 
tiiis is, to place a concave lens, C D, (fig. 1, plate 22.) before 
the eye, in order to increase the divergence ot the rays. The 
effect of a concave lens, is, you know, exactly the reverse of a 
convex one: it renders parallel rays divergent, and those which 
are already divergent, still more so. By the assistance of such 
glasses, therefore, the rays from a distant object, fall on the 
pupil, as divergent as those from a less distant object; and, with 
short-sighted people, they throw the image of a distant object, 
back, as far as the retina. 

Caroline, This is an excellent contrivance, indeed. 

Mrs, B, And tell me, what remedy would you devise for 
such persons as have a contrary defect m their sight; that is to 
say, who are long-sighted, in whom the crystalline humour, be- 
ing too flat, does not refract the rays sufficiently, so that they 
reacli the retina before they are converged to a point? 

Caroline. I suppose that a contrary remedy must be applied 
to this defect; that is to say, a convex lens, L M, fi^. 2, to 
make up for the deficiwicy of convexity of the crystalline hu- 
iftour, P. For the convex lens would bring the rays nearer 
together, so that they would fall, either less divergent, or paral- 
lel, on the crystalline humour; and, by being sooner converged 
to a focus, would fall on the retina. 

Mrs. B. Very well, Caroline. This is the reason why 
elderly people, the humours of whose eyes are decayed by age, 
are under the necessity of usinff convex spectacles. And when 
deprived of that resource, they hold the object at a distance from 
their eyes, as in fig 3, in order to bring the focus more forward. 

Caroline. I have often been surprised, when my grandfather 
reads without his sj^ectacles, to see him hold the booK at a con- 
siderable distance from his eyes. But I now understand the 
cause; the more distant the object is from the crystalline lens, 
the nearer to it, will the image be formed. 

Emily. I comprehend the nature of these two opposite de- 
fects very well; but I cannot now conceive, how any sight can 
be perfect: for, if the crystalline humour is of a pioper degree 
of convexity, to bring the image of distant objects to a focus on 
the retina, it will liot represent near objects distinctly; and if, 
on the contrary, it is adapted to give a clear image ot near ob- 
jects, it will produce a very imperfect one, of distant objects. 

Mrs. B. Your observation is very good, Emily; and it is 
true, that every person would be subject to one of these two 

18. A concave lens remedies this defect; how? fig. 1, plate 22. 19. What 
is the remedy, when a person is long-sighted? fig. 2. 20, Why does holdung 
an object far from the eye, help such persons? fig. 3. 



y Google 



I 



200 OPTICS. 

defects, if we had it not in our power to adapt the eye, to fhc 
distance of the object; it is believed that this is accomplished, 
bj our having a command over the crystalline lens, so as to pro- 
ject it towards, or draw it back from the object, as circum- 
stances require, by means of the two muscles, to which the 
crystalline humour is attached; so that the focus of the rays, 
constantly falls on the retina, and an image is formed equailj 
distinct, either of distant objects, or of those which are near. 

Caroline. In the eyes of fishes, which are the only eyes I 
have ever seen separate from the head, the cornea does not pro- 
trudej in thatpart of the eye which is exposed to view. 

Mr8. B. The cornea of the eye of a nsh is not more convex 
than the rest of the ball of the eye; biit to supply this deficiency, 
their crystalline humour is spherical, and refracts the rays so 
much, that it does not require the assistance of the cornea to 
4)rins tiiem to a focus on the retina. 

£mity. Pray, what is the reason that we cannot see an oh* 
ject di&tLnctTy, if we place it very. near to the eye? 

Mrs, B, Because the rays fall on the crystalline humour, too 
divergent to be refracted to a focus on the retina; the confusion, 
therefore, arising from viewing an object too near. the eye,J8 
similar to that which proceeds firom a flattened crystalline hu- 
mour; the rays reach the retina before they are collected to a 
focus, (fig. 4.) If it were not for this imperfection, we should 
be able to see and distinguish the parts of objects, which, from 
their minuteness, are now invisible to us; for, could we place 
them very near the eye, the image on the retina would be so 
much magnified, as to render them visible. 

Emily. And could there be no contrivance, to convey the 
rays of objects viewed, close to the eye, so that they should be 
refracted to a focus on the retina? 

Mrs, B, The microscope is constructed for this purpose. 
The single microscope (fig. 5.) consists simply of a convex lens, 
commonly called a magnifying glass; in the focus of which the 
object is placed, and through which it is viewed: by this means, 
you are enabled to place your eye very near to the object, for 
the lens A B, by diminishing the divergence of the rays, before 
they enter the pupil C, makes them fall parallel on the crystal- 
line humour D, by which they are refracted to a focus on the 
retina, at R R. 

Emily. Tliis is a most admirable invention, and nothiiig can 
be more simple; for the lens magnifies the object, merely by al- 
lowing us to bring it nearer to the eye. 

21. How is the eye said to adapt itself to distant, and to near objects? 
22. Why are objects rendered indistinct, when placed very near to thfe eye? 
fig. 4, plate 22. 23. What is the single microscope, fig. 5, and how does it 

magnify objects? 
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Mrs. B. Those lenses, therefore, which have the shortest 
focus will magnify the object most, because they enable us to 
place it nearest to the eye. 

Emily. But a lens, that has the shortest focus, is most bulg- 
ing or*convex5 and the protuberance of the lens will prevent the 
eye from approaching very near to the object. 

Mrs. B, This is remedied by making the lens extremely' 
small: it may then be spherical without occupying much space, 
and thus unite the advantages of a short focus, and of allowing 
the eye to approach the object. 

^There is a mode of magnifying objects, without the use of a 
lens: if you look through a hole, not larger than a small pin, 
you may place a minute object near to the eye, and it will be 
distinct, and greatly enlarged. This piece ot tin has been per- 
forated for the purpose; place it close to your eye, and this small 
print before it. 

Caroline. Astonishing! the letters appear ten times as large 
as they do without it: 1 cannot conceive how this cfi'ect is pro- 
duced. 

Mrs. B. ; The smallness of the hole, prevents the entrance 
into the eye, of those parts of every pencil of rays which diverge J 
muchjf so that, notwithstanding the nearness of the object, those J 
rays from it, which enter the eye, are nearly parallel, and are,] 
therefore, brought to a focus by the humours of the eye. ' 

Caroline. We have a microscope at home, w Inch is a much 
more complicated instrument than that you have desf ilbed. 

Mrs. B. It is a double microscope, (fig. 6.) in H^ich /^K~ 
see, not the object A B, but a magnined image of it, a J. , f ft 
this microscope, two lenses are employed; the one, L M, lor iL^ 
purpose of* magnifying the object, is called the object-glass, the 
other, N O, acts on the principle of the single microscope, and 
is called the eye-glass. ' 

There is another kiiid ot microscope, called the solar micro- 
scope, which is the most wonderful from its great magnifying 
power: in this we also view an image formed by a lens, not the 
object itself. As the sun shines, I can show you the etfect of 
this microscope; but for this purpose, we must close the shutters, 
and admit only a small portion of light, through the hole in the 
window-shutter, which we used for the camera obscura. We 
shall now place the object A B, (plate 23, fig. 1.) which is a 
small insect, before the lens C D, and nearly at its focus: the 
image E F, will then be represented on the opposite wall, in 
the same manner, as the landscape was in the camera obscura; 

24. How may objects be magnified without the aid of a lens ? 25. Why 
can an object, very near to the eye, be distinctly seen, when viewed through 
a smaU hole ? 36. Doscribe the double microscope, as represented in fig. 6, 
plat«22. 
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witii this cHffetence, that it will be magnified, instead of being 
diminished. I shall leave you to account for this, by examining 
the figure. 

Emily. I see it at once. ' The image E F is magnified, be- 
cause it is farther from the lens, than the object A B; while the 
representation of the landscape was diminished, because it was 
nearer the lens, than the landscape was. A lens, then, an- 
swers the purpose equally well, eimer for magnifying or dimin- 
ishing objectsr 

JWr«. JB. Yes: if. you wish to magnify the image, you place 
the object near the locus of the lens; if you wish to produce a 
diminished image, you place the object at a distance from the 
lens, in order mat the image may be formed in, or near the 
focus. 

Caroline. The magnifying power of this microscope is pro- 
di^ous: bat. the indistinctness of the image, for want of light, is 
a great imperfection. Would it not be clearer, if the opening 
in the shutter were enlarged, so as to admit more light? 

Mrs. B. If the whole of the light admitted, does not fall upon 
the object, the effect will only be to make the room lighter, and 
the image consequently less distinct. 

Emi^. But could you not by means of another lens, bring a 
large pencil of rays to a focus on the object, and thus Concen- 
trate upon it the whole of the light admitted ? 

Mrs. B. Very Well. We shall enlarge the opening, and 
place the iens X Y (fig. 2.) in it, to converge the rays to a focus 
on the object A B. Tliere is but one thing more wanting to 
cn^-iete the o'^r microscope, which I shall leave to Caroline 'la 
sagacity to discover. 

Caroline. Our microscope has a small mirror attached to it, 
upon a moveable joint, which can be so adjusted as to receive 
the sun's rays, and reflect them upon the object: if a similar 
mirror were placed to reflect light upon the lens, would it not 
be a means of illuminating the object more perfectly? 

Mrs. B. You are quite right. P Q (fig. 2.) is a small mir- 
ror, placed on the outside of me window-shutter, which receives 
the incident rays S S, and reflects them on the lens X Y. Now 
that we have completed the apparatus, let us examine the mites 
on #iis mece of cheese, which I place near tlie focus of the lens. 

Carmine. Oh, how much more distinct the image new is, and 
how wonderfully magnified! The mites on the cheese look like a 
drove of pigs scrambling over I'ocks. 

Emily. I never saw any thing so curious. Now, an immense 

27. How does the solar microscope, (fig;. 1 plate 23.) operate ? 28; Wky 
may minute objects be greasy magnifieil by tins instrument ? 29. In its mcwe 
perfect fbr^m it has otiier apptendages, as seen in fi|f. % what are they? aAd 
whattheirtteBS? 
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piece of cheese has fallen: one mi^t imagine it an earthq^uake: 
some of the poor mites must have been crashed; how fast they 
run — thej absolutely seem to gallop. 

But this microscope can be used only for transparent objects; 
as the light must pass through them, to form the im«ge on the 
wall? 

3frs, B. Yety minxkte objects, such as are viewed in a mi- 
croscope, are generally transparent, but when opaque objects 
are to be exhibited^ a mirror' ^ N (fig. 3.) is used to reflect the 
light on the side of like objectf next the wall : the image is then 
f(Hined by light reflected from the object, instead «f being 
transmitted through it. 

EmUy. ^^^Y'i is not a magic lanthom eonstrtfCted qd fte 
same principles? 

Mrs, B. Yes, with this difference^ , the objects to be magni- 
fied, are painted upon pieces of glass, and the light ia mippued 
by a lamp, instead of the sun. ,/ 

The microscope is an excellent invention to enable us to see 
and distinguish objects, which are too small to be visible to the 
naked eye. But there are objects, which, though not really 
small, appear so to us, from their distance; to these, we cannot i 
aj>ply the same remedy; for when a house is so far distant, as to "j 
be seen under the same angle as a mite which is close to us, the 
effect produced on the retma is the same: the angle it subtends ' 
is not large enough for it to form a distinct image on the retina. 

Emily, Since it is impossible, in this case, to make the object 
approach the eye, cannot we by means of a lens bring an im- 
age of it, nearer to us? 

Mtb, B. Yes; but then the object being very distant from the 
focus of the lens, th& image would be too small to be visible to 
the naked eye. 

Emily. Then, why not look at the image through another 
lens, which will act as a microscope, enable us to bring the im- 
age close to the eye, and thus renaer it visible? 

ifc&-5. B, Very well, Emily; 1 congratulate you on having 
invented a telescope. In figure 4,;the fens C D, torms aa image 
E F, of the object A B; and the lens X Y, serves the purpose of 
magnifying that image; and this is all tliat is required in a com - 
mon refracting telescope. 

Emily, But in fig. 4, the image is not inverted on Hie retina, 
as objects usuidly are: it should therefore a|)pear to us invert- 
ed; and that is not the case in tiie telescopes I have looked 
tfamigh* 

90. What ia added when opaqve ol^'eots are to be viewed ? fig. 3. 31. In 
what does the magic laatbora differ from the. solar micsoscopcif 32. What 
ar« Um UMT ud atnictttre of the telescope, as shown in fig. 4 f 
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Mrs, B. When it is necessary to represent Uie ima^ erect, 
two otlier lenses are fequiredj by which means a second image is 
formed, the reverse of the first, and consequently upr^t. 
These additional glasses are used to view terrestrial objects; for 
no inconvenience arises from seeing the celestial bodies in- 
verted. 

Emily. The difference between a microscope and a telescope, 
seems to be this:— a microscope produces a magnified image, be- 
cause the object is nearest the lens^ and a telescope produces a 
dimini^ed image, because the object is furtliest from the lens. 

Mrs. B. Your observation applies only to the lens C D, or 
object-glass, which serves to bring an image of the object nearer 
the eye; for tfie lens X Y, or eye-glass, is, in fact, a microscope, 
as its purpose is to magnify tlie image. 

When a very great magnifying power is required, telescopes 
aie cuii^it u^ tea with concave mirrors, instead of lenses. These 
are calletl reflecting telescopes, because the image is reflected 
by metallic mirrors. Concave mirrors, you know, produce by 
reflection, an eiFect similar to that of convex lenses, by refraction. 
reflecting telescopes, therefore, mirrors are used in order to 
ing the image nearer the eye; and a lens, or eye-glass, the same 
in the refracting telescope, to magnify the image. 
The advantage of the reflecting telescope is, that mirrors 
Vhose focus is six feet, will magnify as much as lenses of a hun- 
dred feet: an instrument of this land may, therefore, possess a 
higii magnifying power, and yet be so shoi-t, as to be readily 
managed. 

CaroUne. But I thought it was the eye-glass only which 
'magnified the image; and that the other lens, served to bring a 
diminished image nearer to the eye. i 

Mrs, B, The image is diminished in compsuison with the I 
object, it is true; but it is magnified, if you compare it to the di- 1 
xnensions of which it would appear without the intervention of J 
any o])tical Instrument; and this magnifying power is greater! 
re flee tin ;j:, tlian in refracting telescopes. 

We u«iht now bring our observations to a conclusion, for 1 
have communicated to you the whole of my very limited stocll 
of knowledge of Natural Pliilosophy. If it enable you to maki 
furtlier progress in that science, my wishes ^vill be satisfied; bu 
remember, m order that the study of nature may be productiv 
of happiness, it must lead to an entire confidence in the wisdu 
and goodness of its bounteous Author. 

33. When terrestrial objects are to be viewed, why are two addiiiod 
lenses employed ? 34. What part of the telescope performs the part of a il 
croscope ? 35. In what does the reflecting, differ from the refracting tej 
scope ? 30. What advantages, do reflecting, possess over refractingf 
scopes ? 
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ACCKU&RATEB MoTiov. MotioD'is 
said to be accelerated, when the ve- 
locity is continually increasini^. 

AcciDSNTAL Propbrtibs. Those 
properties of bodies which are lia- 
ble to change, as colour, form, &c. 

Acute. — See Angle. 

Air. An elastic fluid. The atmo- 
sphere which surrounds the earth, 
is ^generally understood by this 
term, but there are many lands of 
air. The term is synonymous with 
Oas. 

Air Pvmp. An instrument by 
which Tessels may be exhausted of 
air. 
Altitudb. The height in degrees of 
the sun, or any heavenly body, 
above the horizon. 
Angle. The space contained be- 
tween two lines indin^ to ekdi 
other, and which meet in a point. 
Angles are measured in degrees, 
upon a segment of a circle described 
by placing one leg of a pair of com- 
passes on the angular point, and 
with the other, describing the seg- 
ment between the two lines. If the 
segment be exactly l-4th of a circle, 
it is called a righi angle, and con- 
tains 90 deg. If more than l-4th of 
a cirde, it is an obltue angle. If less, 
an acute angle.. . See plate 2. 

• Angle os Incidence, is the space 
contained between a ray which falls 
obliquely upon a body, and a line 
perpendicular to the sur&ce of the 
body, at the point where the ray falls. 
Angle of Reflection. The space 
contained between a reflected ray, 
and a line perpendicular to the re- 
flecting point. 
Angle of Vision, or visual angle. 
The apace contained between lines 
drawn from the extreme parts of 
7 any object, and meeting in the eye. 
'AvTARCTic Circle. A cirde ex- 
tending roaii4 tlM a9itlh pole, at the 



distance of .23 1-2 degrees from it 
The same as the south frigid zone. 

Aphelion. That part of the orbit of 
a planet, in which its distance from 
the sun is the greatest, s 

Area. The surface, enclosed be- 
tween the lines which form the 
boundary of any figure, whether 
regular or irregular. 

Aries. See Sign. 

Asteroids. The name given to the 
four small planets, Ceres, Junoi^ 
Pallas, and Vesta. 

Astronomy. The science whrch 
treats of the motion and other phe- 
nomena of the sun, the planets, the 
stars, and the other heavenly " 
dies. 

Atmosphere. The air which sur- 
rounds the earth, extending to an 
unknown height. Wind is this air 
in motion. 

Attraction. A tendency in bodies 
to approadi eadi other, and to exist 
in contact. 

Attraction of Cohesion. That 
attraction which causes matter to 
remain in masses^ preventing them 
from fiilling into powder. For this 
attraction to exist, the particles must 
be contiguous. 

Attraction of Gravitation. By 
this attraction, masses of matter, 
placed at a diAance, have a ten- 
dency to approach each other. At- 
traction is mutual between the sun 
and the planets. 

Axis op the Earth, or of ant o» 
THE PLANETS. An imaginary line 
passing through their centres, and 
terminating at their poles ; round 
this their (Uumal revolations are 
performed. 

Axis of Motion. The imaginary 
Une, around whidi all the parts of a 
body revolve, when it has a spin- 
ning motion. . ^ 

Axis os a LBirB» oft Mirror. A 
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line pBMamg through the centre of a 
lens, or mirror, in a direction per- 
peodicalar to its surface. 

BAiiLOON. Any hollow ^lobe. The 
term is generally applied to those 
which are made to ascend in the air. 

Barombtbr. Commonly called a 
weather-glasi. It has a glass tahe, 
coatainiog quicksilver, which by 
rlni^ aivd fallings indicates any 
change in the pressure of the at- 
mosphere, and thus frequently 

. warns us of. changes in the wea- 
ther. 

BoBY. The same as Matter, It 
may exist in the solid, liquid, or 
aeriArm state ; and includes every 
thing with which we become ac- 
quainted by the aid of the senses.; 

Burning-glass, or Mirror. A 
lens, or a mirror, by which the rays 
of light, and heat, are brought to a 
focus, so as to set bodies on fire. 

Camera Obscfra, a darkened room; 
or more frequently a box, admitting 
light by one opening, where a lens 
is placed; which, bringing the rays 
of light, from external objects, to a 
focus, presents a perfect picture of 
them, in miniature. 

Capillary Tubes. Tubes, the 
bore of which is very small. Glass 
tubes are usually employed, to 
show the phenomenon of capiUary 
attraction. Fluids in which they 
are immersed, rise in such tubes 
above the level of tliat in the con- 
taining vessel, 

Cbntrb of a Circle. A point, 
equally distant from every part of 
its circumference. .^^ 

CiBNTRE OF Gravity.' That point 
within a body, to which all its par- 
ticles tend, and around which Uiey 
exactly balance each other. A sys- 
tem of bodies, as the planets, may 
have a common centre of gravity, 
around which they revolve in their 
orbits; whilst each, like the earth, 
has its particular centre of gravity 
within itaelf. 

Cevybb of Monoir. That point 
about which th« psrts of a revolv- 
ing body move, which point is, itself, 

' consideretl 9fl in a state of rest. 

Cbktrb OS MAoifiTUOE. The 



middle point of any body. Suppose 
a globe, one side of which is formed 
of lead, and the other of wood, the 
centres of magnitude and of gravity, 
would not be in the same points. 

Central Forces. Those which 
either impel a body towards, or 
from, a centre of motion. 

Centrifugal. That which gives a 
tendency to fly from a centre. 

Centripetal. That whidi impels 
a body, towards a centre. ^^ 

CiRCLB. A figure, the periphery, or 
circumference of which, is every 
where equally distant, from the 
point, called its centre. 

Circle, Great. On the globe, or 
earth, is one that divides it into two 
equal parts, or hemispheres. The 
equator, and meridian lines, are 
great circles. 

Circle Lesser. Those which di- 
vide the globe into unequal parts. 
The tropical, arctic and antarctic 
circles, and all parallels of latitude, 
are lesser circles. 

CiRcuMFERENCB. The boundary 
line of any surface, as that which 
surrounds the centra of a circle ; the 
four sides of a square, &c.' 

Comets. Bodies which revolve 
round the sun, in very long ovals, 
approaching him very nearly in 
their perihelion, but in their aphe- 
lion, passing to a distance immea- 
surably great. 

Cohesion. See Attraction. 

Compressible. Capable of being 
forced into a smaller space. 

Concave. Hollowed out; the inner 
surface of a watch-glass is concave,, 
and may represent the form of a 
concave mirror^ or tens. 

Convex. Projecting, or bulging out, 
as the exterior surface of a watch- 
glass, which may represent the 
form of a corwex mirror^ or lens. 

Cone. A body somewhat resembling 
a sugar-loaf ; that is, having a round 
base, and sloping at the sides, until 
it terminates in a point, i^ 

Conjunction. When three <^ the 
heavenly bodies are in a straight or 
r%ht Uiie, if you take either of the 
extreme bodies, the other two are 
in conjunction with it; beoause • 
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straight line drawn from it, might 
pass through the centres of both, 
and join them together. At the 
time of new moon, the moon and 
sun are in conjunction wi£h the 
earth ; and the moon and earth, are 
in conjunction with the sun. 

Constellation, or Sign. A col- 
lection of stars. Astronomers have 
imagined pictures drawn in the hea- 
vens, so as to embrace a number of 
contiguous stars, and have named 
the group after the animal, or other 
article supposed to be di'awn; an 
individual star is generally desig- 
nated by its fancied location; as 
upon the ear of Leo^ the Lion, &c.# 

Convergent Rats, are those 
which approach each other, so as 
eventually to meet in the same 
point. 

Crystals. Bodies of a regular form, 
having flat sur&ces, and well defin- 
ed angles. Nitre, and other salts, 
are familiar examples. Many mass- 
es of matter, are composed of crys- 
tals too minute to be discerned with- 
out glasses. 

Curvilinear, consisting of a line 
which is not straight, as a portion of 
a circle, of an oval, or any curved 
line. 

Cylinder. A body in the form of a 
roller, having flat circular ends, and 
being of equal diameter throughout 

Degree. If a circle -of any size be 
divided into 360 equal parts, each 
of these parts is called a degree. 
One quarter of a circle contains 
ninety degrees ; one twelfth of a 
circle, thirty degrees. The actual 
length of a degree, must depend 
upon the size of the circle. A de- 
gree upon the equator, upon a me- 
ridian, or any great circle of the 
earth, is equal to 69 1-2 miles. /^ 

Straight lines are sometimes divided 
into equal parts, called degrees; but 
these divisions are arbitrary, bear- 
ing no relationship to the degrees 
upon a circle. 

Density. Closeness of texture. When 
two bodies are equal in bulk, that 
which weighs the most, has the 
greatest density. 

Diagonal. A Une drawn so as to 



connect two remote angles of a 
square, or other four-sided figure. 
Dilatation. The act of increasing 
in size. Bodies in general, dilate 
when heated, and contract by oool- 
ing. 
Discord. When the vibrations of 
the air, produced by two^ musical 
tones, do not bear a certain ratio to 
each other, a jarring sound is pro- 
duced, which is called discord. < 
Divergent Rays. Those which 
proceed from the same point, but are . 
continuallyreceding from eachother. 
Divisibility. Capability of being 
divided, or of having the parts sepa- 
rated from each other. This is 
called one of the essential properties 
of matter; because, however minu^n 
the particles may be, they must stilly 
contain as many halves, quarters, 
&c. as the largest mass of matter. 
£cHO. A sound reflected back, h%_ 
some substance, so situated as ta 
produce this effect. 
Eclipse. The interruption of the 
light of the sun, or of some other 
heavenly body, by the intervention 
of an opaque body. The moon 
passing between the earth and the 
sun, causes an eclipse of the latter. 
Ecliptic. A circle in the heavons. 
The apparent path of the sun, 
through the twelve signs of the zo- 
diac. This is caused by the actual 
revolution of the earth, round the 
sun. It is called the ecliptic, be- 
cause eclipses always happen in the 
direction of that line, from the earth. 
Elasticity. That property of bo- 
dies, by which they resume their 
dimensions and form, when the force 
which changed them is removed. 
Air is eminently elastic. Two ivory 
balls, struck together, become flat- 
tened at the point of contact ; but 
immediately resuming their iform, 
they react upon each other. 
Ellipsis. An oval. This figure dif- 
fers from a circle, in being unequal * 
in its diametera, and in having 
two centres, or points, called its/oet. 
The orbits of ^planets are all el- 
liptical. 
EQUATOR. That imaginsyry line 
which divides the earth into nc^^ 
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•rn and southern hemispheres, and 
which is equally distant from each 
pole. 

£airi|«iBRiirBi. When two articles 
exactly balance each other, they are 

. in equilibrium. They may, not- 
with^»ndingf, be very unequal in 
weight, but they must be so situat- 
ed, that, if set in motion, their mo- 
mentums would be equal..- 

EauiNox. Thetwo periods of time at 
which the nights and days are every 
where of equal length. The vernal 
equinox is in March, when the sun 
enters the sign Aries; the autumnal 
equinox in September, when the sun 
enters Libra. At these periods, the 
son is vertical at the equator. 

ExHALATioss. All those articles 
^ which arise from the earth, and 
^ mixing with the atmosphere, form 
vapour. 

Expansion. The same as dilatation, 
which see. 

ExT£9f3ioN. One of the essential 
properties of matter ; that by which 

Pit occupies some space, to the exclu- 
sion of all other matter. 

Figure. All matter must exist in 
some form, or shape; hence figure is 
deemed an essential property of 
matter. 

Fin?iD. A form of matter, in which 
its particles readily flow, or slide, 
over eacli other. Airs, or gases, 
are called elastic fluids, because 
they are readily reduced to a small- 
.^ er bulk by pressure. Liquids, are 

l>7" denominated non-elastic fluids, be- 

cause they suffer but little diminu- 
tion of bulk, by any mechanical 
force. 

Focus. That point in which con- 
verging rays unite. 

Force. That power which acts 
upon a body, either tending to ore- 
ate, or to stop motion. 

Fountain. A jet, or stream of wa- 
ter, forced upwards by the weight of 
other water, by the elasticity of air, 
or some other mechanical pressure. 

Friction. The rubbing of bodies 
together, by which their motion is 
retarded. Friction maybe lessened, 
but cannot be destroyed. 

Frigid Zones. The spaces or 



areas, contained within the arctic 
and antarctic circles. 

Fulcrum. A prop. The point or axis, 
by which a body is supported, and 
about which it is susceptible of mo- 
tion. 

Gas. Any kind of air ; of these there 
are several. The atmosphere con- * 
sists of two kiads, mixed, or com- ' 
bined with each other. * 

Geometry. That branch of the 
mathematics, whidi treats of lines, 
of surfaces, and of solids; and inves- 
tigates their properties, and pro- 
portions. 

Globe. A sphere, or ball. It has 
a point in its centre of magnitude, 
from which its surface is every 
where equally distant. 

Gravity. That species of attrac* 
tion which appears to be common 
to matter, existing in its particles, 
and giving to them, and of course 
to the masses which tliey compose, 
a tendency to approach each other. 
By gravity a stone falls to the earth, 
and by it the heavenly bodies tend 
towards each other. 

Harmony. A combination of muai- 
sical sounds, produced by vibra- 
tions which bear a certain ratio to 
each other ; and which thence af- 
fect the mind agreeably ,when heard 
at the same time. Sounds not so 
related, produce discord. 

Hemisphere. Half a sphere or 
globe. A plane passing through the 
centre of a globe, will divide it into 
hemispheres, t 

Horizon. This is generally divided 
into sensible^ and rational. The 
sensible horizon is that porticm of 
the surface of the earth, to which 
our vision extends. Our I'ational 
horizon is that circle in the heavens 
which bounds our vision, when on 
the ocean, an extended plane, or any 
elevated situation. In the heavens 
our sensible, and our rational hori- 
zon are the same ; its plane would 
divide the earth into hemispheres 
at 90 degrees firom us ; and a per- 
son standing on that part of the 
earth which is directly opposite to 
us, would, at the same moment, see 
in his horizon^ the same heavenly 



d by Google 



OLOSSART. %QQ 



bodies, which would-be seen in 
ours. 

HoRXzoiTTAL. Level; not inclined, or 
sloping^. A per%tly round ball, 
placed upon a flat sur&ce, which 
is placed horizontally, will remain 
at rest. 

Htoravlics. That science which 
treats of water in motion, and the 
means of raisings, conducting, and 
using it for moving machinery, or 
other purposes. 

Htdrostatics, Treats of the 
weight, pressure, and equilibrium 
of fluids, when in a state of rest 

Htdromster. An instrument used 
to ascertain the specific gravity of 
difierent fluids, which it does, by 
the depth to which it sinks when 
floating on them. 

Xmagb. The picture of any object 
which we perceive either by re- 
flected or refracted light All ob- 
jects which are visible, become so 
by forming images on the re- 
tina.' 

Thpeitetr ABILITY. That property 
of matter, by which it excludes aU 
other matter from occupying the 
same space with itself at the same 
time. If two particles could exist 
in the same space, so also might any 
greater number, and indeed all the 
matter in the universe, mi^ht be 
collected in a single point. 

IsciojBircE. The direction in whieh 
a body, or a ray of light, moves in 
its approach towards any substance, 
upon which it strikes. 

Included Plane. One of the six 
mechanical powers. Any plane 
sur&ce inclined to the horizon, may 
be so denominated. 

Iae&tia. One of the inherent pro- 
perties of matter. Want of power, 
or of any active principle within it- 
self by which it can change its own 
state, whether of motion, or of rest. 
Inherent Properties. Those 
properties which are absolutely ne- 
cessary to the existence of a body ; 
called also essential properties. All 
others are denominated accidental. 
Colour is an accidental— extension, 
an ef^entikl property of matter. 
Latitude. Distance from the ^qua- 
S2 



tor, in a direct line towards either 
pole. This distance is measured in 
degrees and minutes. The degree 
of latitude cannot exceed ninety, or 
one quarter of a circle. Places to 
the south of the equator, are in 
south latitude, and those to the 
north, in north latitude. 

Latitude, Parallels of. Lines 
drawn upon the globe, parallel to 
the equator, are so called ; every 
place situated on such a line, has 
the same latitude, because equally 
distant from the equator. 

Lens. A glass, ground so that one or 
both surfaces form segments of a 
sphere, sorving either to magnify, or 
diminish objects seen through them. 
Glasses used in spectacles are lenses. 

Lever. One of the mechanical pow- 
ers. An inflexible bar of wood or 
metal, supported by a fulcrum, or 
prop; and employed to increase 
the eifect; of a given power. 

Libra. One of the twelve signs of 
the zodiac. That into which the sun 
enters, at the autumnal equinox. 

Light. That principle, by the aid 
of which we are able to discern all 
visible objects. It is generally be- 
lieved to be a substance emitted by 
luminous bodies, and exciting vision 
by passing ihto the eye. 

Longitude. Distance measured in 
degrees and minutes, either in an- 
eastern, or a western direction, from 
any given point either on the equa- 
tor, or on a parallel of latitude. 
Degrees of longitude may amount 
to 180, or half a circle. A degree 
of longitude measured upon the 
equator, is of the same length with 
a degree of latitude; but as the 
poles are approached, the degrees 
of longitude diminish in length, be- 
cause the circles upon which they 
are measured, become less. 

Lunar. Relating to Lunti, the 
moon. '■' 

Lunation. The time in which the 
moon completes its circuit. A lunar 
month. 

Luminous Bodies. Those which 
emit light from their own substance; 
not shining by borrowed, or reflect- 
ed light. 
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MACHUnE. Any instnunent, either 
simple or compound, by which any 
mechanical effect is produced. A 
needle, and a clock, are both ma- 
chines. 

Ma«ic LAjrTHORN, OR Laitterit. 
An optical instrument, by which 
transparent pictures, painted upon 
glass, are magnified and exhibited 
on a white widl or screen, in a dark- 
ened room. The phantasmagoria, 
is a species of magic lanthorn. 

Mathematics. The science of 
numbers and of extension. Com- 
mon arithmetic, is a lower branch 
of the mathematics. In its higher 
departments, it extends to every 
thmg which is capable of being ei- 
ther numbered or measured. 

Matter. Substance. Every thing 
With which we become ac(|uainted 
by the aid of the senses ; every thing 
however large, or however minute, 
which has length, breadth, and 
thickness. 

Mechanics. That science which 
investigates the principles, upon 
which the action of every machine 
depends ; and teaches their proper 
application in overcoming resist- 
ance, and in producing motion, in all 
the useful purposes to which they 
are applied. 

Medium. In optics, is any body 
which transmits light. Air, water, 
glass, and all other transparent bo- 
dies, are medik. Medium also de- 
notes that in which anybody moves. 
Air is the medium which conveys 
sound, aui which enables birds to fly. 

Melody. A successionof such single 
musical sounds, as form a simple air 
or tune. 

Mercury. That planet which is 
nearest to the sun. Quicksilver, a 
metal, whioh remains fluid at the 
common temperature of the atmo- 
sphere. It is capable of being ren- 
dered solid, by intense cold. 

Meridian. Midday. A meridian line, 
is one which extends directly from 
one pole of the earth to the olher ; 
crossiiig the equator at right angles. 
It is therefore half of a great circle. 
The hpur of the day is the same at 



every plaice situated on the same me- 
ridian. Longitude is measured from 
any given meridian, to the oppo- 
site meridian.^ Places at the same 
distance in degrees, to the east or 
west of any meridian, have the 
same longitude. 

Microscope. An optical instrument, 
by which minute objects, are mag- 
nified, so as to enable us to perceive 
and examine such as could not be 
seen by the.naked eye. 

Mineral. Earths, stones, metals, 
salts, and in general all substances 
dug out of the earth, are denomi- 
nated minerab. 

Minute. In time, the sixtieth part 
of an hour. In length, the sixtieth 
part of a de^ee. A minute of time, 
is an unvarying period; but a minute 
in length varies in extent, with the 
degree of which it forms a part. 
The degrees and minutes are equal 
in number, upon a (?ommon ring, 
upon the equator of . the earth, or, 
on any circle of the heavens. 

Mirrors. Polish^ surfaces of metal, 
or of glass coated witli metal, for 
the purpose of reflecting the rays of 
light, and the images of objects. 
Common looking-glasses, are mir- 
rors. Those used in reflecting te- 
lescopes, are made of metal.. 

Mobility. Capable of being moved 
from one place to another. This is 
accounted one of the essential pro- 
perties of matter, because we can- 
not conceive of its existence without 
this capacity. 

Momentum. The force, or power, 
with which a body in motion acts 
upon any other body, or tends to 
preserve its own quantity of mo- 
tion. The momentum of a body, is 
compounded of its quantity of mat- 
ter, and its velocity. A body weigh- 
ing one pound, moving with a velo- 
city of two miles in a minute, will 
possess the same momentum with 
one weighing two pounds, moving 
with a velocity of one mile in a mi- 
nute. 

Motion. A continued and success- 
ive change of place, either of a 
whole body, or of the particles of 
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\vhich « body is composed; the 
earth in revolving upon its axis 
only, would not change its place as a 
body, but all the particles of which 
it is composed, would revolve 
round a common axis of motion. In 
revolving in its orbit, its whole 
mass is constantly occupying a new 
portion of space. 
Natural Philosophy. That sci- 
ence which enquires into the laws 
which govern all the natural bodies, 
in the universe, in all their changes 
of place, or of state/ 
NsAP TiDSS. Those tides which 
occur when the moon is in her 
quadratures, or half way between 
new,' and full moon ; at these pe- 
riods the tides at-e the lowest. 
Nodes.* Those points in the orbit of 
the moon, or o^ i^planet, where it 
crosses the echplic or plane of the 
earth^s orbit When passing to the 
north of the ecliptic, it is called the 
ascending node ; when to the south 
of it, the descending node. 
Oblate. See Spheroid. 
Octagon. A figure with eight sides, 
and consequently witli eight angles. 
OPAauE. Not transparent ; refusing 
a passage to the rays of light 
• Optics. That branch of science 
which treats of light, and vision. It 
is generally divided into two parts. 
Catoptrics^ which treats of the re- 
flection of light, and Dioptrics, 
which treats of its refraction. , 
Orbit. The line in which a primary 
planet moves in its revolution round 
the sun ; or a secondary planet, in 
its revolution round its primary. 
These orbits are all elliptical, or ovjd. 
PARABOLiil A particular kind of 
curve ; that which a body describes 
in rising and in falling,when thrown 
upwards, in any direction not per- 
pendicular to the horizon. 
Farallelograbc. ^ figure with 
four sides, having those which are 
opposite, parallel to each other. A 
square, an oblong square, and the 
figure usually called a diamond, are 
Parallelograms. 
Parallel Lines. All lines, whe- 
ther straight or curved, which are 



everywhere at an equal distance 
from each other, are parallel lines. 

Parallel op Latitude. See La- 
titude. 

Perihelion. That part of the orbit 
of a planet, in which it approaches 
the sun most nearly. 

Pendulum. A body suspended by 
a rod, or line, so that it may vi- 
brate, or oscillate, backwards and 
forwards. Pendulums of the same 
length, perform their vibrations in 
the same time, whatever miay be 
their weight, and whether the arc 
of vibration, be long or short. v»| 

Percussion. The striking of bdcnes 

. against each otiSt, The force of 
this, depends upon the momentum 
of the striking body. 

Period. The time required for the 
revolution of one of the heavenly 
bodies in its orbit. 

Perpendicular. Making an angle 
of 90 d^rees with the horizon. 
When two lines which meet, make 
an angle of 90 degrees, they are 
perpendidicular to each other. 

Phases. The various appearances 
of the disc, or face of the moon, and 
of the planets; that portion of 
them which we see illuminated by 
the rays of the sun. 

Phenomenon. Any natural appear- 
ance is properly so called; the term, 
however, is usually applied to ex-^J 
traordinary appearances, as eclip- 
ses, transits, &:c. 

Piston. That part of a pump, or 
other engine which is made to fit 
into a hollow cylinder, or barrel ; 
and to move up and down in it, 
in order to raise water, or for any 
other purpose. 

Plane. A perfectly flat surface. 
The plane of the orbit of a planet, 
is an imaginary flat surface, extend- 
ing to every part of the orbit. 

Planet. Those bodies which re- 
volve round the sun, in orbits near- 
ly circular. They are div ided intgr 
primary, and secondary ; these lat- 
ter are also called satellites, or 
moons ; they revolve- round the pri- 
mary planets, and accompany them 
iniJieir courses round the sun. 
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PLVMB-Lurac. A string^, or cord, by 
which a weight is suspended ; it is 
used for the porpose of finding a 
line perpendicalar to the horizon ; 
the weight being always attracted 
towards the centre of the earth. 
Pjtbjjmatics. That branch of natu- 
ral philosophy, which treats of the 
mechanical properties of the atmo- 
sphere, or of air in general. 
Poles. The extremities of the axis of 
motion either of our earth, or of any 
other revolving sphere. The poles 
of the earth have never been visit- 
ed* the regions by which they are 
surrounded, being obstructed by 
impassable barriers of ice. 
PowsR. That force which we apply 
to any mechanical instrument, to 
L . effect a given purpose, is denomi- 

r nated power, from whatever source 

it may be derived. We have the 
power of weights, of springs, of hor- 
ses, of men, of steam, &c. 
Prism. Tlie instrument usually so 
called, i^ employed in optics to de- 
compose the solar ray: it consists of 
a piece of solid glass, several inches 
in length, aad having three flat sides; 
the ends are equal in size, and are 
of course triangular. 
Precession or ths EauisoxES. 
^^ Every equinox takes place a few 
Ht seconds of a degree, before the earth 
Hk' arrives at that part of the ecliptic 
^W in which the preceding equinox oo- 
K^ curred. This phenomenon is called 
H^ the precession of the equinoxes. 
^ There is consequently a gradual 
p change of the places of the signs of 

r the zodiac : a fact, the discovery o'f ' 

which has thrown much light on 
ancient chronology. 
Projection. That force by which 
motion is given to a body, by some 
power acting upon it,' independ- 
ently of gravity. 
Pullet. One of the six mechanical 
powers. A wheel turning upon an 
axis, with a line passing over it. It 
is tho^moveable pulley only, which 
gives any mechanical advantage. 
Pump. An hydraulic, or pneumatic 
instrument, for the purpose of rais- 
ing water, or exhausting air. 
QvADRAiTT. A quarter of a circle. 



An instrument Used to measure the 
elevation of a body in degrees above 
the horizon. 

QOADRATU&ES OV THE MoOlT. 

That period in which she appears 
in the form of a semicircle. She is 
then either in her first, or her last 
quarter ; and exactly half way, be- 
tween the places of new, and of 
full moon. 

Radiation. The passage of light or 
heat in rays, or straight lines; these 
being projected fi:x>m every lomi- 
nous, or heated point, in aU direc- 
tions. 

Radius. The distance firom the cen- 
tre of a circle, to its circumference; 
or one half of its diameter. In the 
plural denominated radii. 

Rainbow. An appearance in the at- 
mosphere, occasioned by the de- 
composition of solar light, in its re- 
fraction, and reflection, in passing 
through drops of rain. The bow 
can be seen, only when the sun is 
near the horizon, when the back 
is turned towards it, and there is a 
shower in the oppoite direction. 

Rat. a single line of lights emitted 
in one direction, firom any luminous 
point. : 

Reaction. Every body, whether in 
a state of motion, or at rest, tends 
to remain in such state, and resists 
the action of any other body upon 
it, with a force equal to that action. 
This resistance, is called its re^ 
action. 

Receiver. This name is applied 
to glass vessels of various kinds, ap- 
pertaining to the air pump, and 
from, which the air may be exhaust- 
ed. ' They are made t» contain, or 
receive,' any article upon which an 
effect is to be produced, by taking 
off" the pressure of the atmosphere. 

Refraction, of the rays of light, is 
the bending of those rays, when 
they pass obliquely from one medi- 
um into another of different density. 
A stick held obliquely in water, ap* 
pears bent or broken at the surface 
of the fluid. 

Refrangibilitt. Capacity of be- 
ing rf^frticted. Light is decomposed 
by the prism, because its compo- 



dbyLjOogle 



GLOSSARY* 



213 



nent parts are refrangible in differ- 
ent degrees, by the same refracting 
medium. 

Repulsion. The reverse of attrac- 
tion. A tendency in particles, or in 
masses of nfatter, to recede from 
each other. The matter of heat 
within a body, appears to counter- 
act the attraction of its. particles, so 
as to prevent«absolute contact. 

Retina. That part of the ball of 
the eye, upon which the images of 
visible objects are formed; and from 
which, the idea of such forms, is 
conveyed to the mind. 

Revolution, of a planet ; is either 
diurnal, or annual; the former, is 
its turning upon its own axis ; the 
latter, is its passage in its orbit. 

Satellites' Moons, secondary 
planets. 

Segbient of a circle, a portion, 
or part of a circle ; called also, an 
arc of a circle. 

SxMi-DiAMETER. Half the diame- 
ter. The semi-diameter of the 
earth, is the distance from its sur- 
&ice, to its centre. 

SiDERiAL. Belonging to the stars. 
A siderial day, is the time required 
for a star to reappear on a given 
meridian. 'A siderial year, 'the 
period in which the sun appears to 
have travelled round the ecliptic, 
so as to have arrived opposite to 
any particular star, from which his 
course was calculated. 

Signs, or Constellations. Col- 
lections, or groups, of stars. Those 
of the zodiac are twelve, corres- 
ponding with the twelve months in 
the year. In the centre of these 
the ecliptic is situated. The sun. 
appears to pass in succession through 
these signs; entering the first de- 
gree of aries, which is accounted the 
first sign, about the 21st of March. 

Skt. That vast expanse, or space, 
in which the heavenly bodies are 
situated. Its blue appearance is 
supposed to arise from the particles 
of which the atmosphere -is compos- 
ed, possessing the .property of re- 
flecting the blue rays, in greatest 
abundance. 

f^^AR. Appertaining to, or govern- 



ed by, the sun : ai the solar sys- 
tem, the solar year, solar eclip- 
ses. 

Solid. Not fluid. Having its parts 
connected so as to form a mass. So- 
lid bodies, are not absolutely sot all 
undoubtedly containing pores, or 
spaces void of matter. 

Solstices. The middle of summer 
and the middle of winter; those 
two points in the orbit of the earth, 
in which its poles point most di- 
rectly towards the sun. 

Sonorous Bodies.- Those bodies 
which are capable of being put into 
a state of vibration, so as to emit 
sounds^ 

Specific Gravity. The relative 
weight of bodies of diflerent spe- 
cies, when the same bulk of each is 
taken. Water has been chosen as 
the standard for comparison. If we 
say that the specific gravity of a 
body is 6, we mean, that its weight 
is six times as great as that of a 
portion of water, exactly equal to it 
in bulk. • 

Spectrum. That appearance of 
difierently coloured rays, which is 
produced by the refraction of the 
solar ray, by means of a prism, is 
called the prismatic spectrum ; it 
exhibits most distinctly, and beauti- 
fully, all the colours seen in the 
rainbow. ^ 

Sphere. A glSbe, or ball. 

Spheroid. Spherical ; a body ap- 
proaching nearly to a sphere in its 
figure. The earth, is denominated 
an oblate spheroid; it not being an 
exact sphere, but flattened at the 
poles, so as to cause the polar di- 
ameter to be upwards of thirty 
miles less than the equatorial. Ob- 
late, is the reverse of oblong, and 
means shorter in one direction, than 
in another. 

Spring Tides. Those tides which 
occur at the time of new, or of full 
moon. The tides then rise to a • 
greater height than at any other 
period. 

SauARE. A figure having four sides 
of equal len^, and its angles all 
right angles. 

In numbers ; the product of a rilimber 
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multiplied into itsdf; thus, the 
square of 3 is 9, and the square of 8 
is 64. 
Star. The Jixed stars are so called, 
because they retain their relative 
situations; while the planets, by re- 
volving^ in their orbits, appear to 
wander amongst the fixed stars. 
SvBTBirD. This term is applied to 
the measurement of an angle; when 
the lines by which it is bounded 
recede but little firom each other, 
they are said to subtend ; that is, 
to be contained under, a small an- 
gle. 
SvpERFiciBB. The surfece of any 
figure. Space extended in length 
and width. 
System. The mutual connexion, 
and dependance of things, upon 
each oth^r. The solar, or Coper- 
nican system, includes the sun, the 
planets, with their moons, and the 
comets. 
Tangent. A straight line touching 
the circumference of a circle ; but 
which would not cut off any portion 
of it, were it extended beyond the 
touching point, in both directions. 
Telescope. An instrument by 
which distant objects may be dis- 
tinctly seen ; the images of ob- 
jects being brought near to the eye, 
and greatly magnified. 
Temperate ZoN^. Those portions 
of the surface of the earth situated 
between 23 1-2 and 66 1-2 degrees 
of latitude. Within these bounda- 
ries, the sun is never vertical ; nor 
does he ever remain, during a whole 
day, below the horizon. 
Thermometer. An instrument for 
measuring the temperature of the 
atmosphere, or of other bodies. 
Torrid Zowb. That portion of the 
earth which extends 23 1-2 degrees 
on each side of the equator, to the 
tropical circles; within this limit, the 
sun is' vertical, twice in the year. 
Transit. Mercury or Venus, are 
said to transit the sun, when they 
pass Detween the earth and that 
luminary. They then appear like 
dark spots, up<?n the face of the 
sun. 
TRAjfgpARENT. Allowing the rays 



of light to pass finely through. The 
reverse of opaque. Glass, water, 
air, &c are transparent bodies. 
Tropics. Two circles on the globe 
on either hemisphere, at the dis- 
tance of 23 1-2 degrees from the 
equator. Beyond these circles, the 
sun is never vertical: and the 
countries within them, are denomi- 
nated tropical. 
Twilight. That portion of the 
morning or evening, in which the 
light of the sun is perceptible, al- 
though he is below the horizon^ 
Vacuum. Space void of matSr. 
Such is supposed to be the space in 
which the planets revolve. We 
are said to produce a vacuum, 
when we exhaust the air from a 
receiver^ f 
Valve, jf part of a pump, and of 
some other instruments,which opens 
to admit the passage of a fluid in 
one direction, but closes when 
pressed in the opposite direction, 
so as to prevent the return of the 
fluid ; a pair of bellows is furnished 
with a valve. 
Vapour. Exhalations firom fluid or 
solid substances, generally mixing 
with the atmosphere. The most 
abundant, is that from water. 
Vertical. Exactly over our 
heads: ninety degrees above our 
horizon. 
Vibration. The alternate motion 
of a body, forwards and backwards; 
swinging, as a pendulum. 
Visual. Belonging to vision; as 
the visual angle, or that angle 
formed by the rays of light which 
enter the eye, fi-om the extremities 
of any object. 
Ubdulation. a vibratory, or 
wave-like motion communicated 
to fluids. Sound, is said to be pro- 
pagated by the undulatory, or vi 
bratory motion of the air. 
W^EDGB. One of the mechanical 
powers ; the form of the wedge ia 
well known. It is of extensive use ; 
serving to rend bodies of great 
streng&i, and to raise enormous 
weights. 
Wheel avd Axle. One of the 
mechanical powers, used under va> 
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rioos modifications. Cranes for 
raising; weights, the wheels and 
pinions of clocks and watches, 
windlasses, &c. are all applications 
of this power. / 

Zodiac. A broad belt in the hea- 
vens, extending nearly eight de- 
grees on each side of the ecliptic ; 
the planes of the orbits of all the 
planets are included within this 
space. This belt is divided into 
twelve parts or signs, each c<»itain- 
ing 30 degrees. 

These signs are : 
jlries ; the Ram. 
Taurus; the BuU. 
Gemini; the Twins. 
Cancer; the Crab. 
Leo; the Lion. 
Firgo ; the Vii^. 
Libra; the Scales. 
Scorpio ; the Scorpion. 
Sagittaritu; the Archer. 
Caprieomtu ; the Goat. 
Aquarius; the Waterer. 
Pisces; the Fislies. 

The first six are oalled northeni signs; 



because the sun is in them, during 
that half of the year, in which he is 
vertical to the north of the equator; 
the last six, are called southern 
signs ; because, during his journey 
among them, he is vertical to the 
south of the equator. 

The sun enters Aries, at the time of 
the vernal equinox ; Cancer^ at the 
stmimer solstice \ Libra, at the 
autumnal equinox; and Caprieor- 
niu^ h.% the winter solstice. 

The sun is said to enter a sign, when 
the earth in going round in its orbit, 
enters 'the opposite si|;n. _ Thus, 
when the sun appears m ^e first 
degree of Libra, it is in conse- 
quence of the earth having arrived 
opposite to the first degree of Aries. 
A line then drawn from the earth, 
and passing through the centre of 
the sun, would, if extended to the 
fixed stars, touch the iirst degree 
of Libra. 

Zone. The earth is divided into 
zones, or b^ts. See Frigid, Tek- ' 
PSRATS, and Torrid Zones. 
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Air, 11, 15, 28, 50, 136. 
Air-pump, 31, 145. 
Angle, 44. 

acute, 44. 
obtuse, 44. 
right, 44. 

of incidence, 45, 154, 160, 173. 
of refleotion, 45, 154, 160, 173. 
visual, 168, 169, 170. 
Angular velocity, 171. 
Antarctic circle, 9^. 
Aphelion, 75. 
Arctic circle, 92. 

Atmosphere, 28, 104, 129, 136, 144, 
150, 163. 
colour of; 193. 
reflection of, 193. 
refraction of, 182. 
Attraction, 10, 14, 23, 25, 179. 

of cohesion, 15, 19, 118. 
capillary, 18. 
of gravitation, 18, 23, 29, 
70,80,96,116,136. 
Avenue, 170. 
Auditory nerve, 151. 
Axis, 78. 

of motion, 48. 
Qftheearth,22,99. 
of mirrors, 176. 
of a lens, 184. 

B. 
Balloon, 30. 
Barometer, 140. 
Bass, 155. 
Bladder, 138. 
Bodies, 10. 

elastic, 40. 

fall of, 23, 26, 30, 36. 

luminous, 157. 

opaque, 157. 

sonorous, 152, 195. 

transparent, 157. 
Bulk, 16. 

C. 

Camera obscura, 184, 197, 201. 



Capillary tubes, 18. 

Centre, 48. 

of gravity, 48, 51, 52, 115 
of magnitude, 48, 53. 
of motion, 48, 55, 115. 

Centrifugal force, 49, 72, 95, 115. 

Centripetal force, 49, 72. 

Ceres, 84. 

Circle, 44, 94. 

Circumfisrence, 94. 

Clouds, 129. 

Colours, 23, 185. 

Comets, 86.'* . ' , 

Compression, 42. 

Concord, 155. 

Constellation, 86. 
■ Convergent rays, 175, 177. 

Crystals, 12. 

Curvilinear motion, 47, 72. 

Cylinder, 52. 

D. 

Day, 78, 105, i06. - 

Degrees, 44, 94, 99, 169, 170. 
of latitude, 94,112. 
of longitude, 94, 112. 

Density, 16. 

Diagonal, 47. 

Diameter, 94. 

Discords, 155. /■'^ 

Diurnal, 78. 

Divergent rajrs, 175, 177. 

DivisibiUty, 10, 12. 



I 



Earth, 18, 70, 84, 88, 95. 
Echo, 154. 
Eclipse, 110, 159. 
EcUptic, 86, 92, 9^. 
Elasticity, 41. 
Elastic bodies, 28, 40. 

fluids, 28, 41, 118,136. 
Ellipsis, 75. 
Equinox, 100, 107. 

precession of, 107. 
Equator, 92, 99. 
Essential properties, 10. 
Exhalations, 13. -\^ 

Extension, 10, 11. ^ 
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Eyt, 109^195. 



Japiter, 85. 



F«non>0ditt,24.27,3K 
Figare,10,lS. 
Fluidi, 118, 128. 

elMtie,»,41, 118, 136. 

aqulliliriiiai of; UO, 122, 132. 

non-ebutic, 119. 

pressvre o^ ll^l. 
Fljmg, 40. 
Focua, 176. 

of concave mirrors, 177. 

of oonyez mirrors, 175, 177. 

ofa lens, 184. 

imaginary, 176. 

Tirtnal, 176. 
Foroe,33. 

centrifagal,49»72. 95, 115. 

oentripetal, 49, 72. 
^ projectile, 47, 49. 

of gravity, 47,49 
Fountains, 135. 
Friction, 68, 69, 135. 
Frigid zone, 93. 
Folcram, 54. 



G 



G. 



leral properties of bodies, 10. 
Georgium Sidus, 85. 
'"rlaas, 183. 

burning, 188. 
_ refraction of, 183. 

Gold, 119, 126. 
Gravity, 18,23,78,97. 

H. 

Harmony, 155. 
Heat, 16, 29, 103. 
Hemisphere, 92, 100. 
Herschel, 85. 
Hydraulics, 118. 
Hyfirometer, 128. 
Hydrostatics, 118. 



Image on the retina, 165, 172. 

reversed, 167. 

in plain mirror, 172. 

in concave do, 175. 

in conv^ do. 175. 
Impenetrability, 10. 
Inclined plan^ 54, 66. 
InerUa, 10, 14, 32. 
Inherent propcrtief, 10. 
Juno, 84. 



Lake, 133, 135. 
Latitude, 94, 112. 
Lens, 184. 

concave, 184. 
convex, 184. 
meniscus, 184* 
plano-concave, 184.. 
plano-convex^ 184. 
Lever, 54, 55, 

first kind, 58. 
second kind, 60. 
third kind, 60. 
Light, 157. 

pencil ot, 158. 
of the moon, 162, 163. 
absorption of^ 188. 
reflected, 160. 
refraction of, 179« 
Liquids, 118. 
Longitude, 94, 112. 
Luminous bodies, 157. 
Lunar month, 108. 
eclipse, 110. 

M. 

Machine, 54,66. 

l^iagic lanthom, 203. 

Mars, 84. 

Matter, 10, 13. 

Mechanics, 32, 

Mediums, 157, 180. 

Melody, 156. 

Mercury, (planet) 83,85, 114 

Mercury, or quicksilver, 16, 140,141 

Meridians, 93. 

Microscope, 200. 

single, 200. 
double, 200. 
solar, 202, 203. 
Minerals, 12. 
Minutes, 94. 
Momentum, 38, 56. 
Monsoons, 149. 
Month, lunar, 108. 
Moon, 78, 79, 80, 82, 85. 
Moonlight, 162, 163. 
Motion, 14, 32, 36. 

accelerated, 36. 

axis of, 48. 

centre oty 48, 55. 

compound, 46. 

curvilinear, 47, 49. 

diurnal, 78. 
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Motion, perpetual, 35. 
retarded, 35. 
refl6oted»43. 
unifonn, 34. 
Mirron, 172. 

axis of, 176. 

bamiog, 177. 

concave, 174, 176,209. 

convex, 174, 175. 

plane or flat, 172. 

reflection of, 173. 

N. 
Ne^> tides, 116. 
Nerves, 166. 

auditory, 151, 166. 

ol&ctory, 166. 

optic, 164, 166. 
Night, 78. 
Nodes, 110. 



Octave, 156. 

Odour, 13.' 

Opaque bodies, 157, 158. 

Optics, 157. 

Orbit, 86. 



R. 

llain, 17, 129. 
Rainbow, 188. 
Rarity, 16. ^ 
Ray of Ught, 158, 179. 

reflected, 160, 161. 
incident, 161. 
Ra3r8, intersecting, 165. 
Reaction, 39. 
Receiver, 31. 
Reflection of light, 160, 163. 

angle of, 45, 161,173. 
of mirrors, 173. 
of planc^ mirrors, 174. 
of concave do. 174. 
of convex do. 174. 
Reflected motion, 43. 
Refraction, 179, 186. 

of the atmosphere, 182. 
of glass, 183. 
of a lens, 184* 
of a prism, 185. 
Resistance, 54. 
Retina, 165. 

image on, 166 
Rivers, 134. 
Rivulets, 131. 



Pallas, 84. 
Parabola, 51. 
Parallel lines, 25. 
Parallel of latitude, 94. 
Pellucid bodies, 157. 
Pencil of rays, 158. 
Pendulum, 98. 
Perihelion, 75. 
Perpendicular lines, 25. 
Phases, 109. 
Piston, 143, 145. 
Plane, 92, 93. 
Planets, 76, 81, 83. 
Poles, 92, 99, 100. 
Polar star, 100, 112. 
Porosity, 42, 126. 
Powers, mechanical, 54. 
Projection, 49, 50, 71. 
Precession of equinoxes, 107. 
Pulley, 54, 63. 
Pump, 31. 

racking and lifting, 143. 

ibreiiig, 144, 145. 

air, 31, 145. 
Pii]^ofthe«ye, 164. 



SateUites,80,lll,113. 
Saturn, 85. 
Scales, or balance, 55. 
Screw, 54, 67. 
Shadow, 110, 111. 
Siderial time, 106. 
Sight, 165. 

Signs of the. zodiac, 86, 93. 
Smoke, 14, 29. 
Solar microscope, 202. 
Solstice, 100, 102. 
Sound, 151. 

acute, 155. 

musical, 155. 
Space, 33. 
Speciflc gravity, 123. 

of air, 140l 
Spectrum, 190. 
Speaking-trumpet, 154. 
Sphere, 26. 
Springs, 130. 
Springtides, 116. 
Square, 81, 85. 
Stars, 77, 86, 102. 
Storms, 147. 
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Substance, 10. 
Summer, 76, 100. 
Sun, 71, 75, 78, 162, 182. 
Swimming;, 41. 
Syphon, 132. 

T. 
Tangent, 49, 73. 
Telescope, 203, 204. 

reflecting, 204. 
refracting, 204. 
Temperate zone, 9^ 101. 
Thermometer, 142. 
Tides, 114, 116. 

neap, 116. 

spring, 1 16. 

serial, 150. 
Time, 105, 107. 

siderial, 107. 

equal, 107. 

solar, 107. 
Tone, 155. 

Torrid zone, 93, 147, 182. 
Transit, 114. 
Transparent bodies, 167. 
Treble and bass, 155. 
Tropics, 92. 

v. 

Valve, 143. 

Vapour, 17,29,104,129. 

Velocity, 33, 67. 

Venus, 84. 

Vesta, 84 



Vibration, 98, 152. 
Vision, 164, 168. 
Vision, angle of; 168,170. 
double, 171. 

U. 

Undulation, 153. 
Unison, 165. 

W. 

Water, 118, 130. 

spring, 130. 

rain, 130. 

level of, 120. 
Wedge, 54, 66. 
Weight, 23. 

Wheel and axle, 54, 65. 
Wind, 146. 

trade, 147. 
periodical, 148. 
Winter, 76, 101. 



Year, 107. 

siderial, 107. 
solar, 107. 



Zodiac, 86. 
Zone, 93. 

torrid, 93, 147, 182. 

temperate, 93, 101. 

frigid, 93, 100. 



THE END. 
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